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Copyricut, 1954, BY THE AMERICAN MEDICAL ASSOCIATION 


PUBLIC HEALTH ASPECTS OF ATOMIC POWER DEVELOPMENT 


SHIELDS WARREN, M.D. 
BOSTON 


HE ATOMIC energy program, both under the Manhattan District and under 

the Atomic Energy Commission, has maintained an enviable record for health 
and safety. This is evidenced by the award this month to the Atomic Energy Com- 
mission of the National Safety Council Award of Honor. The Atomic Energy Com- 
mission injury rate for 1952 was 2.51 per 1,000,000 man-hours as against 8.40 for 
American industry as a whole. Only two fatalities due to irradiation have occurred 
in the history of the project, both prior to the entrance of the Atomic Energy Commis- 
sion into the picture. This emphasizes the fact that when adequate knowledge is 
available safety and health can be obtained. 

Ten years ago a discussion of atomic power would have been meaningless. Today 
such a discussion has real significance, particularly for those interested in industrial 
health and safety, because they must consider with the engineers the problems 
involved and safeguards must be incorporated from the first sketches on the drawing 
boards. 

President Eisenhower has called the attention of the world to the enormous 
advantages that may accrue to mankind through the peace-time applications of atomic 
energy. However, with things as they are today, it must be recognized that the 
major emphasis in the atomic energy program has been placed on weapons, and 
consequently governmental control of the industry is essential. Since the same 
material used in weapons may also be used for power, there is a converse relation- 
ship between the state of tension in the world and the extent of development of power 
from atomic energy. This twofold role of fissionable material, at once both sword and 
plowshare, means a continuing greater degree of governmental control of this future 
industry than is ordinarily considered sound or desirable. Nonetheless, important 
steps are being taken to make power production a reality, and many of us will be 
concerned with the health and safety of people not only working in but also adjacent 
to atomic energy plants. 

The experience with atomic energy to date is sufficiently long, sufficiently great, 
when combined with our experience with other sources of radiation, to say that the 


This work was done under U. S. Atomic Energy Commission Contract AT (30-1)-901 with 
the New England Deaconess Hospital. 

Delivered before American Industrial Hygiene Association, New England Local Section, 
Annual Meeting with the American Association for the Advancement of Science, Boston, 
Dec. 30, 1953. 

Pathologist and Director of Cancer Research Institute, New England Deaconess Hospital, 
and Professor of Pathology, Harvard Medical School; Consultant, United States Atomic Energy 
Commission. 
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atomic energy business can be and is being made safer for the personnel involved 
than other industry. Continuation of this safety must be one of the significantly 
guiding factors in any extension of the use of atomic energy to wider fields. 

From the technological standpoint we cannot yet know how the greatest benefit 
to man may be obtained. What of the manifold uses of fire by man did Prometheus 
foresee? Most industries have just grown, and methods of control have caught up 
with them afterward. That is not true in the field of atomic energy. We already 
know how, in this field, to keep the workers safe. This means that if an atomic energy 
power plant is to be erected somewhere along the banks of the Charles River engi- 
neers can now be told what standards have to be met to keep the workers safe; 
furthermore, a sufficient body of experience exists to validate these standards. What 
are some of them? 

So far as external ionizing radiation is concerned, 0.3 rep * of total body radia- 
tion per week for the working lifetime of the man involved is the maximum permis- 
sible amount. With regard to the various radioisotopes, standards as to their con- 
centration in air and in water have been set to maintain safety limits. These, as 
presently understood, are published in the National Bureau of Standards Handbook 
52, “Maximum Permissible Amounts of Radioisotopes in the Human Body and 
Maximum Permissible Concentrations in Air and Water.” 

With the information available, it is quite feasible to go ahead so far as the 
health of workers in the plants is concerned. The problem of environmental health 
still has to be weighed, however. There is always in any human operation the prob- 
lem of failure, and failure in an atomic energy installation might lead to a disastrous 
explosion. There never has been an explosion of a reactor, and we hope there never 
will be. However, the fact that an explosion could conceivably occur leaves difficult 
problems for industry in public liability. Many problems exist that can be solved 
only through the experience of the Atomic Energy Commission and by further 
research. 

Since the process of nuclear fission leads to the formation of radioisotopes that 
at present are wasted to water or to air, the release of these substances must be con- 
trolled. Sufficient experience has enabled us to set preliminary safe standards for 
potentially exposed workers: For example, the maximal permissible concentration 
of radioiodine in air is 6.66 * 10* d./min./m.* (disintegrations per minute per 
cubic meter of air); that of cesium, 2.2 * 10° d./min./m.* The data given in 
Handbook 52 will, of course, be continually reviewed and kept up to date as addi- 
tional knowledge is obtained. However, these data are accepted as the standard for 
on-site planning purposes and may be regarded as firm standards within the con- 
trolled areas of atomic energy installations. Since liberated waste material will inev- 
itably reach inhabited areas other than those controlled by the Atomic Energy 
Commission, other factors must be considered. With large populations, possibly in 
the hundreds of thousands or more, that might be in the vicinity of the atomic energy 
installations, should industrial power from this source become a reality, additional 
problems arise particularly from the standpoint of genetics. There is considerable 
evidence that the effects of ionizing radiation are cumulative so far as the germ cells 


* rep (roentgen equivalent physical) is the amount of ionizing radiation which will result 
in the absorption in matter of 100 ergs per gram. r (roentgen) is the quantity of x or gamma 
radiation such that the associated corpuscular emission per 0.001293 gm. of air produces in air 
ions carrying 1 electrostatic unit of quantity of electricity of either sign. 
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are concerned. Hence, with large populations potentially exposed to radioactive 
wastes, an even minor increase in induced genetic mutations might well over a long 
period of years become of significance to the total population. Of course, mutations 
may be of all types, some deleterious, some not. 

Among the better known dominant mutations in man are chondrodystrophy, reti- 
noblastoma, and neurofibromatosis. These occur spontaneously, of course. In all the 
clinical observations and experimental work so far carried on, no mutation has been 
produced by radiation that does not occur naturally. The frequency of occurrence 
of these mutations, however, is enhanced by ionizing radiation. There is general 
agreement that when large populations are considered the permissible levels given 
in Handbook 52 should be lowered by a factor of at least 5 and possibly even 
more, as 10 or 100, if very large populations were to be involved. With the use of 
this factor of 5 as a guide, however, engineering studies can be carried out to deter- 
mine both the feasibility and the costs of attaining these levels, and a rough estimate 
can be made of the costs at even more conservative levels. 

It is particularly important in this new atomic energy industry that the permis- 
sible dose levels be kept flexible, because our rapidly developing knowledge may well 
make some of the present figures obsolete. It is especially important that the present 
figures should not be incorporated into statute law as such because of the difficulty 
and complexity of making proper corrections when our advancing knowledge makes 
it possible for these corrections to be made. The freezing of figures can be avoided 
by making reference in laws and codes to the appropriate Bureau of Standards 
Handbooks prepared under the guidance of the National Committee on Radiation 
Protection. 
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APPEARANCE OF CARCINOMA FOLLOWING SINGLE EXPOSURE 
TO A REFRIGERATION AMMONIA-OIL MIXTURE 


Report of a Case and Discussion of the Role of Co-Carcinogenesis 


MICHAEL B. SHIMKIN, M.D. 

A. A. de LORIMIER, M.D. 

J. RUSSELL MITCHELL, M.D. 
AND 


TRAVIS P. BURROUGHS, M.D. 
SAN FRANCISCO 


HE PRESENT concept regarding the role of trauma in the causation of cancer 

in man was well delineated by Ewing ' in 1935. Ewing outlined five criteria that 
he considered had to be met before a neoplasm could be associated with trauma: (1) 
authenticity and adequacy of the trauma; (2) previous integrity of the wounded part ; 
(3) origin of tumor at exact point of injury; (4) reasonable time limit between 
injury and appearance of tumor, and (5) positive diagnosis of presence and nature of 
tumor. He concluded that “a single trauma of normal tissues is incapable of pro- 
ducing a malignant tumor,” but in the next sentence he added, “This principle may 
not greatly alter the possible importance of the single trauma as an indirect but 
essential and determining cause of certain tumors.” 

Although the general conclusion of Ewing is valid, its strict application to each 
case is no more possible now than it was in 1935. The phrase “adequacy of trauma” 
and “reasonable time limit between injury and appearance of tumor” defy exact 
limitations ; indeed, even the terms “normal tissue” and “trauma” involve an exer- 
cise in semantics. To dismiss the role of trauma in the appearance of neoplasms as 
completely as some authors ? attempt to do and not to consider Ewing’s astute escape 
sentence leads to a position described by Downing,’ in which “the physician assumes 
the role of plaintiff, physician, lawyer and judge, which is rather a large role for one 
person.” Hueper’s * conclusion seems much more reasonable ; in discussing the topic, 
he stated that traumatic cancer is “entirely in the domain of possibility, if the trauma 
involves a predisposed skin in which the injurious effect merely precipitates the onset 
of a long prepared proliferative phase in a neoplastic anlage that is so far quiescent.” 


Laboratory of Experimental Oncology, National Cancer Institute, National Institutes of 
Health, Public Health Service, Department of Health, Education, and Welfare and the Cancer 
Research Institute and Department of Medicine, University of California School of Medicine 
(Dr. Shimkin); Radiology Department, St. Francis Memorial Hospital (Dr. de Lorimier) ; 
United States Public Health Service Hospital (Dr. Mitchell), and 13th Compensation District, 
Bureau of Employees Compensation, Department of Labor (Dr. Burroughs). 

In the opinion of the editors, with whom the authors agree, this case report might 
represent a rather remarkable chain of events that still could be merely a coincidence, 

but it is published with the hope that industrial physicians will be stimulated to examine 

carefully similar cases and to report them in the literature or to some central agency 


(such as the National Cancer Institute). Cuter Enrron 
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The following case, in our opinion, appears to fulfill Ewing's criteria for the direct 
association of a single chemical trauma and the appearance of a carcinoma. It should 
be evident that no single case can prove a general principle, and it is only by the publi- 
cation of additional reports of similar cases that enough data eventually can become 
available for critical analysis. 


An immediate question regarding all purported cases of association between 
trauma and cancer relates to the authenticity of the history and the findings. It is 
therefore important that in the present case report the essential facts regarding the 
initial injury were investigated by separately questioning the patient, his helper, and 
his immediate official superior. The previous integrity of the injured part was attested 
by a supervisor and four co-workers of the patient. The details of the clinical findings 
and the course and the treatment of the patient were corroborated in official reports 
of the industrial physician and the clinical history of the hospital, prepared before the 
diagnosis was established. 


REPORT OF CASE 


T. R., a white married man who was born in Texas on March 15, 1892, had done refrigera- 
tion and heating work for 25 years. His past history relative to exposures to industrial cor- 
rosives, tars, and oils was entirely negative, except that between 1931 and 1937 he sustained 
blisters on his hands and on his feet when ammonia from refrigeration units spattered on the 
skin. No loss of time resulted from these two incidents. A physical examination for employ- 
ment in July, 1948, was not remarkable except for the presence of a right inguinal hernia. 
A fall in November, 1951, caused a dislocation of the left little finger and a rib fracture, and 
no other abnormalities were noted. The patient had not seen a physician for many years for 
any disease or incapacity, and no visible abnormalities or complaints regarding his nose or lip 
were known to five of his supervisors and associates. 

On or about March 1, 1952, while drawing oil under pressure out of a refrigeration purifier 
pipe, the oil spattered and struck the patient's upper lip and lower part of the nose. The oil 
contained a heavy admixture of ammonia. He wiped it off, closed the valve, and went to the 
locker room, where he washed his face with cold water and applied tannic acid ointment, N. F., 
to the area. There was only mild discomfort during the accident. 

During the following day the patient noted a small blister just inside the left vestibule 
of his nose. He pressed it with a clean cloth, and it broke. The area stung a little, and another 
application of tannic acid ointment was made. In three or four days the blister healed, but 
under the area during the following two weeks there appeared a small, slightly tender lump. 

The lump persisted and became tenderer, and on April 9, 1952, the patient consulted the 
depot physician, who noted a moderate swelling on the lower part of the septum on the left 
side of the nose. It was considered to be a small abscess, and penicillin ointment and hot packs 
were prescribed. The tenderness and induration progressed in severity, however, and he was 
referred to the United States Public Health Service Hospital. 

The examination on April 16, 1952, showed tenderness and induration on the left side of 
the septum, particularly above the left vestibule of the nose; no ulceration was present. Smear 
and culture showed only the presence of Staphylococcus aureus. The patient was treated with 
chlortetracycline (Aureomycin), penicillin, procaine, and sulfisoxazole (Gantrisin) and was 
seen in the out-patient department on seven occasions up to June 23, 1952. 

There was no improvement in the condition, and the area became exquisitely tender and 
painful. On July 2, 1952, the nasal nodule was incised, and a biopsy specimen extending into 
the subcutaneous tissue was obtained. The sections on microscopic examination showed only 
chronic inflammation and no neoplasm. The lesion progressed steadily in size, and a fistula 
developed from the left nasal vestibule through the septum to the base of the upper lip. 

The patient was admitted to the hospital on Sept. 17, 1952, for surgical excision of the 
area. Except for the lesion of the nose and upper lip, the physical examination was noncontribu- 
tory. There were no keratoses or other ulcerations or indurations over his face, hands, or 
body. He had a blood pressure of 170/90 and a mild right inguinal hernia. The serologic reac- 
tions of the blood were negative. 
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Fig. 2——Higher magnification of the epidermoid carcinoma. 


MEDICINE 


Fig. 1—Epidermoid carcinoma from the excisional biopsy of Sept. 18, 1952. 
= 
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On Sept. 18, with the areas under local anesthesia, the fistula and the ulcerated area of 
the septum and upper lip were excised and the defect sutured with absorbable (gut) and non- 
absorbable (silk) surgical sutures. The tissue specimen showed the presence of a fairly well- 
differentiated epidermoid carcinoma, with extensive chronic inflammatory reaction (Figs. 1 
and 2). The neoplasm extended to the margins of the specimen. 

Ulceration and induration of the area persisted after the operation, and roentgen therapy 
was initiated on Oct. 7, 1952, despite the absence of reepithelization. The clinical appearance of 
the lesion on this date is presented in Figure 3. 

A tissue dose of 4,700 r (delivered from a 140 kyp, tube, K. V. L., 3 mm. Al) was given 
to the area and surrounding parts through two ports of 2 cm., each directed from both sides 
of the nose, in four daily treatments. There was complete clinical regression of the induration, 
and the ulceration healed. In February, 1953, however, a small tender nodule was observed on 
the inner aspect of the nasal septum, beyond the margin of the treated area. Biopsy confirmed 
the presence of epidermoid carcinoma. A second course of roentgen therapy was carried out 
between March 2 and 9, 1953, for a total tissue dose of 4,400 r (quality as described above). 
During this series of treatments, further extension was observed cephalad to the treated area. 
On March 22 to 24 the patient received further roentgen therapy to the new area for a sum- 


Fig. 3.—Appearance of the lesion on Oct. 7, 1952, at the beginning of the first course of 
roentgen therapy. 


mation dose of 3,000 r (quality as described above). There was surprisingly mild reaction 
to the treatment, but the mass disappeared. 

In July, 1953, there was recurrence of tenderness and induration, and another tissue speci- 
men revealed epidermoid carcinoma. On July 20 the patient underwent a radical surgical 
resection of his nose and upper lip. There was no evidence of residual tumor at the base of 
the lip, but carcinoma was present along the nasal septum. 


COM MENT 


In the second edition of his survey of chemical compounds which have been tested 
for carcinogenic activity, Hartwell® lists 1,329 compounds, of which 322 were 
reported to produce malignant neoplasms in animals, Ammonia is not included 
among the active chemicals, but neither is a reference available in which it has been 
thoroughly tested. Hueper* does not include exposure to ammonia as one of the 
occupational hazards that may lead to the development of cancer. 

On the basis of present knowledge, therefore, there exists no information that a 
single exposure of human skin to a corrosive alkali solution, ammonia in oil, would 
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produce a carcinoma. In fact, a history of similar blisters on the hands and feet 
following single exposures to ammonia in oil 20 years previously had no sequelae 
in this particular patient. The extent of the chemical trauma, the time elements 
involved, and the chemical agent in question would hardly be acceptable, and the 
situation would thus be attributed to coincidence. 

The galaxy of chemical and physical agents that exhibit the property of evoking 
neoplasms in animals and the specific conditions of species, tissue, dose, and physical 
state of the agents are by no means the only complexities in this field of investigation. 
During the past 10 years, but in retrospect dating back 30 years, irrefutable proof 
has been presented that there are yet additional agents which, although by themselves 
not necessarily carcinogenic, may prepare, promote, or exteriorize latent neoplastic 
changes initiated by a known carcinogenic stimulus. These agents, for convenience 
first named “‘co-carcinogens” by Shear," apparently show as much specificity for the 
species of animal, the tissue affected, and the conditions relative to dose and time 
relationships with the carcinogen as the carcinogens themselves. 

An excellent example of co-carcinogenesis is the following, taken from one of the 
studies by Mottram.’ Twelve female mice were painted with 0.3% 3,4-benzpyrene 
in acetone on both flanks on three to eight alternate days. Subsequently the right 
flanks were painted thrice weekly with 0.3% croton oil in acetone and the left flanks 
with acetone. In 20 weeks no tumors developed on the left side of the animals, 
whereas the right flanks showed a total of 18 tumors, 3 of which were carcinomas. 
The dose of benzpyrene, a known carcinogen, that was applied to the skin was there- 
fore insufficient to elicit neoplasms; the treatment with croton oil, a co-carcinogen 
which itself is not carcinogenic, exteriorized the neoplasms. It may be postulated that 
the essential neoplastic transformation was effected by benzpyrene, with the neo- 
plastic cells remaining latent in the skin until exteriorized by croton oil. An alter- 
native explanation is that the neoplastic transformation is a gradual one, with the 
initial steps being caused by benzpyrene and the later ones by croton oil, which, how- 
ever, does not possess the property of effecting the initial changes. 

Deelman * in 1924 painted mice with tar until the first papillomas appeared. He 
then stopped tarring and made incisions into the painted skin. The great majority 
of the subsequent papillomas and carcinomas appeared along the scars. Several inves- 
tigators failed to corroborate the Deelman phenomenon, although their techniques 
were not identical. Rous and his collaborators,* however, confirmed Deelman and 
beautifully extended the observations. When tar, 3,4-benzpyrene, or 20-methyl- 
cholanthrene was applied to the ears of rabbits and such applications terminated upon 
the first appearance of papillomas, most of the papillomas regressed and disappeared. 
A second series of applications not only of the carcinogens but also of turpentine, or 
a wounding of the skin by punching holes in the ears, made the papillomas reappear 
quickly. The studies clearly showed that different stimuli and processes may be 
involved in the phases of tumor inception and tumor development and growth and 
that at least in the particular material used the transformation of normal epithelium 
to carcinoma proceeds through several phases. In the rabbit, turpentine and wound 
healing acted as co-carcinogens in an epidermis conditioned or initiated by tar, 3,4- 
benzpyrene, or 20-methylcholanthrene. Pullinger '* in 1943 also repeated and con- 
firmed Deelman’s experiment, using 3,4-benzpyrene in mice. 


* References 9 to 11. 
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Another line of investigations has added to the knowledge regarding co-carcino- 
gens. Sall and Shear '* noted that the production of tumors en rabbit skin was 
accomplished more easily by the use of tar than by the use of 3,4-benzpyrene and 
postulated the existence of substances in tar which were noncarcinogenic but pro- 
moted the action of the carcinogen. Studies on mice showed that the addition of 
the basic fraction of creosote oil to small concentrations of 3,4-benzpyrene caused 
neoplasms to appear faster and in greater frequency. 

Berenblum ** discovered that croton oil also caused marked augmentation of car- 
cinogenesis when applied at weekly intervals in conjunction with benzpyrene in 
acetone. This observation led to a series of detailed studies by Berenblum 7 and by 
Shubik ¢ using the method of Mottram‘ of single paintings of a carcinogen, 9,10- 
dimethyl-1,2-benzanthracene, followed by the agents to be tested for co-carcinogenic 
activity. Shubik reported that eight substances, including turpentine, castor oil, and 
silver nitrate, were ineffective as co-carcinogens in the mouse and that croton oil, the 
most effective co-carcinogen with 3,4-benzpyrene and 9,10-dimethyl-1,2 benzan- 
thracene in the mouse, was ineffective in rats, guinea pigs, and rabbits. Wound 
healing was found to be an effective co-carcinogenic stimulus in the rabbit. 

The possible application of these findings to man is now becoming recognized. 
Smith ** in his discussion of pulmonary cancer stressed that not only carcinogenic 
materials have to be considered but also co-carcinogenic agents related or unrelated 
to the evoking agents. Kotin and Kahler * have reported a case of a 61-year-old 
petroleum worker who cut the dorsum of his hand and then sustained a severe blow 
to the slowly healing wound. An epidermoid carcinoma appeared at the site of 


injury one month later. The authors suggested the possible role of trauma as a 
co-carcinogenic stimulus in their case. 


The establishment of the phenomenon of co-carcinogenesis allows a reasonable 
postulation regarding the course of events in our patient. It may be assumed that 
the patient had a “conditioned” or “prepared” skin, the neoplastic potentialities of 
which were exteriorized by the single exposure to a corrosive concentration of 
ammonia in oil. The nature of the initial carcinogenic stimulus is unknown, but per- 
haps this was derived from repeated, minor exposures to corrosive fluids and fumes 
that the patient must have had during his 25 years of occupation with refrigeration. 
The single exposure to ammonia in oil in March, 1952, resulting in a chemical trau- 
matic blistering just inside the left vestibule of the nose, led to a closely linked chain 
of events culminating in the diagnosis of carcinoma at that site in September, six 
months later. It is, of course, unknown whether the chemical trauma itself or the 
formation of the blister, the applications of tannic acid and other ointment, the forma- 
tion of a fistula, or even the incision for the initial biopsy, or a combination of any or 
all of these events, contributed to the exteriorization of the neoplasm. Neither can it 
be surmised that the negative biopsy of July established that no neoplasm was pres- 
ent at that time; all that can be said is that the biopsy failed to reveal the presence 
of carcinoma, perhaps because it merely missed the neoplasm. 

Despite these unknown elements in the course, the chain of events appears to 
associate the chemical trauma with the appearance of the carcinoma. In our opinion, 


+ References 15 to 18. 
t References 19 and 20. 
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the case is considered acceptable as an instance of a single-exposure, chemical-trauma 
exteriorization of a latent cutaneous carcinoma in man, 

The consideration of the corroborated evidence and investigations of the facts 
in the patient’s history and clinical course and the scientific basis of the existence of 
the phenomenon of co-carcinogenesis allowed an official ruling that the presence of 


the epidermoid carcinoma of the nose in this patient was “causally related to the 
injury of March 1, 1952.” 


It should be apparent, however, that the acceptance of co-carcinogenic stimuli 
in the appearance or exteriorization of carcinoma in man does in no way justify its 
wide application to industrial or similar situations. In order to be able to suggest 
the possible role of co-carcinogenic stimuli in an individual case requires the same 
scrupulous consideration of all relevant, substantiated evidence as in cases of pre- 
sumed initiation of neoplasm following exposure to known carcinogens. 


It should be repeated also that a single case report cannot possibly “prove” the 
postulations presented herein. They must remain as a reasonable opinion until 
many more similar cases are studied and become available for critical analysis. 


SUM MARY 


The clinical appearance of an epidermoid carcinoma of the nasal vestibule within 
six months following a single exposure of the area to a corrosive concentration of 
ammonia in oil in a 60-year-old refrigeration worker is presented. In our opinion, 
a causal connection can be reasonably postulated between the trauma and the exteri- 
orization of a latent neoplasm as an example of a co-carcinogenic effect. 

Mr. John J. Newman, Assistant Deputy Commissioner of the Thirteenth Compensation 
District, Bureau of Employees Compensation, Department of Labor, and Dr. Charles R. 


Mallary, Medical Officer in Charge of the United States Public Health Service Hospital, 
San Francisco, made available their files on this case in the preparation of the report. 
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SILICONE PROTECTIVE CREAMS 
A Clinical Study 


GEORGE E. MORRIS, M.D. 
BOSTON 


COMPREHENSIVE study as to the effectiveness of protective creams alleged 

to protect workers against cutting oils was undertaken in my office in 1952 and 

1953. A summary of the findings has previously been reported by Maloof and me.' 

One of the most recent developments in the field of protective creams during the past 

two years has been the introduction of the new silicone protective creams and oint- 

ments. These were not included in the original study; therefore, a separate series 
of tests as to their efficacy was made, which is reported herewith. 

Silicone protective creams consist usually of anywhere from 2 to 60% of a sili- 
cone in either a greasy or a nongreasy base. It is the recommendation of at least 
one of the manufacturers that in order to be of value it be rubbed into the skin twice 
a day for a week or 10 days before the worker is exposed to the chemicals against 
which the silicone protective cream is designed to shield him. These revolutionary 
instructions immediately pose new factors to industrial personnel, for, in the first 
place, the labor market has not been so plentiful that one could say to a man who 
applies for a job, “Yes, we have an opening for you, but first take home this jar of 
cream and apply it twice a day; then come back a week from today, and we will 
put you to work.” I believe that few applicants will take kindly to any such instruc- 
tions. Here, then, is the first disadvantage of at least one of these creams, namely, 
that it allegedly must be used over a period of time before the worker can be exposed 
to the chemicals he will encounter in the course of his employment. 

A second factor of consideration is that it is difficult for any employer to evaluate 
the intrinsic worth to him of the use of a silicone or any other protective cream by 
his workers, for even though a cream may be applied faithfully for months or even 
years, the employer still may not be able to draw any specific conclusions, owing 
to the fact that a person may work | day, 5 days, 4 years, or 25 years at any one 
job before he becomes sensitized or irritated by the chemicals with which he has been 
in daily contact. Since there is no definite latent time element involved when a patient 
may have a break-out and since a worker may develop an eruption at any time, it 
takes years of observation and study of individual cases in large numbers before the 
employer can decide whether a protective cream is actually to prove of value or not. 
The case reports presented below clearly indicate that some workers may spend 
years at the same job and then unpredictably break out with an eruption only after 
several years of such work, whereas others may work but a few days and develop 
similar eruptions. 


Assistant Clinical Professor of Dermatology, Tufts College Medical School. 
This paper was read at the joint meeting of the American Association for the Advancement 
of Science and the American Industrial Hygiene Association, Boston, Dec. 29, 1953. 
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A third potential drawback to their use is the fact that some of the silicone pro- 
tective creams cannot be removed from the skin by ordinary cleansing methods. 
( However, they are all removable by solvents, such as chloroform, kerosene, teluene, 
and trichloroethylene—each of which may by itself irritate the skin.) Hitherto, so 
far as I know, there has not been a single substance that one could leave on the skin 
for any length of time without its blocking the pores and causing damage. While 
the silicones are inert chemicals, there is no proof that leaving them on the skin for 
protracted periods of time will not result in some damage from blocking of pores or 
for some other mechanical reason. 

Since the silicone protective creams are still so relatively new, having only recently 
been placed on the market, and since the companies producing them have made expan- 
sive claims as to their use, it is obvious that tests must be made of them to find their 
true worth, 


At this point it must be noted that one manufacturer claims that his protective 
cream “protects against immersion in water, soap solutions, or household cleansers” 
but on the same page states that it is easily removable by soap and water. If it is 
easily removable by soap and water, it is easily removable by household cleaners. 

A second protective cream can be shown not to be removable by a strong hand 
soap and can be shown to leave a layer of grease on the skin. This would be enough 
to cause oil folliculitis in some people. A third manufacturer states that his protective 
cream protects against solvents, and yet it can be shown to be removable by solvents. 


For several months I pondered on how an adequate test of silicone protective creams 
could be performed ana finally conceived of the following procedure. 


Several patients who had been treated for occupational skin eruptions and who 


had been found to have had positive closed patch tests to various chemicals to which 
they were exposed were given protective creams and told to apply them twice a day 
for a week or 10 days to the right arm (a common site for the application of a patch 
test). Some were told to apply a cream twice a day for 7 days; others were told to 
apply it twice a day for 11 days. At the end of the application period each worker 
was retested to the material to which he had previously been shown to have had a 
positive patch test. The materials were applied, and the patients were instructed to 
remove them if any irritation occurred; several of them removed the materials in 
from four to eight hours. Most of the tests were read after 24 hours, but a few of 
them were read after 48 hours. The test material was applied to the right arm, where 
the silicone protective creams had been applied for the period aforementioned. A 
patch test was also performed on the left arm with the same materials, the left arm 
acting as a control. It was my opinion that if the silicone protective creams really 
protected against the various chemicals involved each patient should have a negative 
patch test on the silicone-treated right arm and a positive patch test on the left arm, 
to which no protective creams had been applied. The two silicone protective creams 
used contained from 20 to more than 50% active silicone ingredient, one in a greasy 
base and the other in a greaseless base. 


Description of the results and a few of the case reports follow. 


PatieENT 1.—This man suffered a severe dermatitis from working with white shoe leather 
in a shoe factory. A patch test had been positive. He applied a silicone protective cream with 
a bentonite base (seven days), and the white leather was reapplied to the right arm and to 
the left arm. He had equally positive reaction tests on the two arms. 
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Patient 2.—A man who had had positive tests to a chrome-tanning solution and a second 
solution used in the leather industry at the end of the run put a silicone protective cream, 
with a castor oil base, on his right arm for a week. He was patch-tested again, and the right 
arm showed a positive reaction of papules (2+) and redness (1+), while the left arm 
showed a more markedly positive reaction, with papules (3+) and redness (3+). In this 
case, the protective cream made the reaction to the patch test less but did not abolish it. 


Patient 3.—A machinist who had a rash from an insoluble oil had been treated and his 
skin had cleared; while under treatment he was told to apply a silicone resin, containing 52% 
silicone, twice a day for 10 days. He then ceased using Lixoil, a cleanser which had cleared 
his skin, washing instead with the regular sawdust-type industrial soap dispensed in his shop. 
He continued to apply the protective cream for the following three days, but on the night 
of the second day he noted itching of his hands and multiple “water blisters” reappearing. 
He volunteered the information that he had stopped using the sawdust soap, had made one 
further application of the silicone resin, and then of his own volition had resumed the use of 
Lixoil, without returning to my office. He was seen on the fourth day after starting work with 


Positive patch tests in varying degrees on “protected” and “unprotected” arms. 


the cream on his hands and at this time had multiple pinpoint and pinhead vesicles on the 
dorsa of the right second, fourth, and fifth fingers and of the left first, third, fourth, and fifth 
fingers. He also had vesicles on the right wrist. He refused to apply any further creams and 
continued to work in the oil to which he was sensitive, with no further recurrence of his 
eruption, The “protective” cream furnished no protection under actual use by this patient. 


Patient 4.—A woman who had previously shown a positive patch test to paraphenylene- 
diamine was told to put a silicone resin on her right arm for 10 days and then was retested. 
The Figure shows that the left arm had a slightly more positive reaction than the right arm, 
but there was no question that the right arm had not been protected, 


Patient 5,—A baker was given a silicone cream, with instructions to put it on his right arm 
for 10 days. Of his own accord, however, he decided to put it on his hands as well. He then 
returned to work after applying the cream to his hands for four days and mixed one batch 
of pastry flour. His hands broke out with water blisters within 24 hours. He was seen at 
the end of 10 days, during which time he had applied the protective cream to his right arm, 
and patch tests were applied to both arms. He had previously been shown to have a positive 
test to pastry flour and to cinnamon. The right arm (bearing the silicone cream) showed a 
reaction of vesicles (3+) and redness (2+) to the cinnamon and a redness (1 +) and vesi- 


196 


wee 
| 
“i 


SILICONE PROTECTIVE CREAMS 

cles (1 +) to the pastry flour. The left arm showed a reaction of redness (i+) and vesicles 
(1 +) to both substances. In this case, the reaction on the “protected” arm was severer than 
on the “unprotected” arm. 

The patient was next instructed to put a protective creain on his hands for 10 days and then 
to make up a batch of pastry flour. On the sixth day of application of the cream he showed 
new redness and vesiculation on the sides of the second and fifth fingers of the right hand 
and believed that the protective cream was causing his skin to break out. However, he was 
told to keep applying the cream, and after 10 days of application he again mixed a batch of 
pastry flour. When seen 24 hours later, he showed new redness and vesiculation and com- 
plained of severe itching of his hands subsequent to the mixing of this flour. The “protective” 
cream did not protect him to this single exposure to pastry flour. 


Effectiveness of Silicone Protective Creams as Shown by Patch Tests 


Right Arm 

Original (Silicone. Left Arm 

Patch-Test Substance Test Protected) (Control) 


Soluble oil (50% in olive oil) +4 +4 $4 


Patient 

©. ©. No protection afforded 
by silicone cream 

Insoluble oil (2% in water) ++ ++ 44 


Soluble oil (50% in olive oil) ++ +++ ++ 


Insoluble oil (2% in water) 0 0 0 
Shoe-lining dye (diluted 1 to 20) ++ ' ++ 


Test more positive on 
silieone-protected arm 


‘Tests diminished about 66% 


on silicone-proteeted arm 
Sugar tan (diluted 1 to 20) ++ 


Glue (as is) 


+++ 
(Not done) + os ‘Tests more positive on 


siliecone-proteeted arm 
No. 1129 (as is) - 


Toluene (5% in olive oil) 

Cutting oil (50% in olive oil) 

Trichloroethylene (50% in 
olive oil) 

Pie crust (as is) 


(Not done) 
Probable protection by 
silicone* 
Silicone test site negative 


to one sensitizer 
Cinnamon (5% in olive oil) 


White leather (as is, irritating 
agent: formaldehyde) 


Cinnamon (5% in olive oil) 


Silicone test site less 
marked but still positive 
Reaction more positive on 


the silicone-protected arm 
Pastry flour (as is) 


Paraphenylenediamine (2% in 


water) 
Nylon fabric (as is) 


Orlon fabric (as is) 

Naphtha-type solvent (10% 
in olive oil) 

Brass (as is) 


++ 
Neg. 


Neg. 


Reaction less marked on 
silicone-protected arm 

Varied reactions—no 
marked difference 


All tests were negative on 
again patch testing 


* Difficulty was encountered in keeping the adhesive tape of the patch test in contact with the skin, and the 
volatile trichloroethylene could have escaped from around the edges of the patch on the silicone-proteeted arm 


The accompanying Table summarizes these and other cases. From the Table it 
appears that in 20 different tests 6 tests were read to be more positive on the silicone- 
protected right arm than on the nonprotected control arm; 7 tests were read to be 
more positive on the unprotected left arm; 5 tests showed no difference at all, and 
2 tests were entirely negative on retesting.* 


It is rather interesting to note that the insurance carriers would not permit more 
than two cases to be studied after the rash had been cleared, for they were not willing 
to assume liability for any further recurrences of the eruptions. 


*Included in the capitulation are the following facts: one substance (pie crust) elicited 
a negative test on the protected right arm, whereas two substances (nylon and_ toluene) 
elicited negative tests on the unprotected left arm. 
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SUMMARY AND CONCLUSIONS 


Two silicone protective creams were tested, being applied to the right arms of 
patients. The results of the patch tests have been noted: Six tests were more posi- 
tive on the silicone-protected arm than on the nonprotected control arm; seven tests 
were more positive on the unprotected arm ; five tests showed no difference, and two 
tests were entirely negative on retesting. 

In interpreting these results, however, one must remember that there are at least 
two factors that must be considered. First, one of these creams had a castor oil base 
and the other a bentonite base, either of which could afford some protection in and 
by themselves. Second, I noticed that the adhesive tape did not stick too well to the 
arm to which the protective cream had been applied, whereas it did adhere well to the 
other arm. Therefore, in each case there was more contact with the skin on the left 
arm, because the adhesive tape was tighter and held the substance in closer contact 
with the skin. This could account for some of the discrepancy in the patch testing. 
especially in the case of a volatile substance, such as trichloroethylene, which would 
evaporate from a loosened patch test but would not do so from one which was well 
fixed to the skin. 

CONCLUSION 


Three patients returned to work after using the silicone protective creams the 
required number of days and suffered immediate recurrences of their eruptions. 

This preliminary report makes it evident that much more study must be made as 
to the actual effectiveness of silicone protective creams before they can be recom- 
mended to industry as general protective agents. This study seems to point out that 
they afford very little protection. 


REFERENCES 
1. Morris, G. E., and Maloof, C. C.: Analysis of Some of the Causes of Cutting-Oil 
Dermatitis: II. Study of Protective Creams, Indust. Med. 22:327 (July) 1953. 
2. Morris, G. E.: Patch Tests, Indust. Med. 22:19-21 (Jan.) 1953. 


198 


TOXICOLOGY OF HYDRAZINE 


A Review 


STEPHEN KROP, Ph.D. 
ARMY CHEMICAL CENTER, MD. 


PPRECIATION of the versatility of hydrazine as a reagent in the synthesis 
of large numbers of organic compounds and in its usefulness as a propellant 
fuel brings an ever-increasing number of personnel in contact with hydrazine and, 
hence, the exposure of greater and greater numbers of personnel to the toxic 
hazards of hydrazine. Although derivatives of hydrazine had been widely known 
and studied intensively by chemists by the year 1875, pure hydrazine was unknown 
until about 1895.!. The delay in isolation of the pure material postulated for so 
long may possibly have been due to its great reactivity. One of the early fruits of 
the reactivity of hydrazine and its derivatives with carbonyl groups may be found 
in the work of Emil Fischer on the structure of sugars. It may be recalled that 
Fischer found the reaction between phenylhydrazine and the carbonyl group in 
sugars of great usefulness in his study of the structure of sugars, concerning which 
so little was understood until that time. The hydrogen attached to the nitrogen in 
hydrazine and its derivatives is extremely reactive with oxygen, chlorine, and other 
negative elements in organic compounds, and it is by virtue of this fact that hydra- 
zine combines so readily with a large variety of organic compounds by condensation. 
Its versatility in reacting with a wide variety of organic compounds * perhaps bears 
a relationship to its injurious effects on living matter. Therefore, it is perhaps not 
surprising that hydrazine and its derivatives have a variety of biological effects, 
including considerable toxicity. 

Even before the isolation of hydrazine in pure form, it was recognized by those 
who worked with hydrazine in solution that vapors coming from the solution were 
highly irritating to the nose and throat. The preparation of hydrazine in high 
degrees of purity soon brought reports that the eyes were affected by hydrazine 
vapors and also, of course, by hydrazine in solution if splashed into the eye. 
Although damage to the eye is said to be temporary after vapor exposure, the 
injury is nonetheless disabling, and with concentrated solutions or liquid hydrazine 
permanent injury to the eye may result. It is fortunate that the irritating ammoniacal 
odor of the vapors is such as to prevent the inhalation of dangerous amounts of 
hydrazine by personnel making and handling the material.? However, it is pos- 
sible to sustain serious kidney and liver damage by skin contact with the concen- 
trated solutions of hydrazine and by ingestion. In addition, severe skin injury can 
result from liquid hydrazine contact with the skin, possibly by virtue of the basicity 
of hydrazine.* Hence, penetrating burns may be produced by formation of soluble 


Physiology Division, Chemical Corps Medical Laboratories. 
* References 4 and 5. 
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alkaline metaprotein, as contrasted with the hard, crusty, insoluble acid metaprotein 
which is characteristic of acid burns and which hinders deep penetration of most 
acids. 


In recognition of the foregoing, the following review is presented on the toxi- 
cology of hydrazine in higher animals. No attempt has been made to present a 
complete bibliography; rather, reference is mainly made to observations which 


TasLe 1—Summary of Acute Toxicity of Hydrazine in Animals 


Species Route L.D.5o or L.C.50 Remarks 

Mice Intraperitoneal 163 mg./kg.* 

Rats Intraperitoneal 102 mg./ke.t 

Rabbits Intravenous 34 me./ke.* 

Rabbits Intravenous 2-25 meg./ke.t Hyperpnea, tonie-clonie convulsions, opis- 
thotonos, death 


Cats Intravenous (150-225 in divided Initial dyspnea and hyperpnea; vomiting t¢ 
(anesthetized) doses was lethal; 
L.D.so not given) 


Dogs Intravenous (250-800 + in divided Similar to cats t 
(anesthetized) doses was lethal; 


L.D.so not given) 
Rats Inhalation 109-400 mg./m.* ¢ 16 to 88% mortality in 14 days after four-hour 
exposure; pathology in trachea and lungs 


Rats Inhalation 128-576 mg./m.* % 0 to 50% mortality in 14 days after two-hour 
exposure 


Rats Inhalation 106-831 mg./m.* 3 16 to 338% mortality 
Rats Percutaneous 0.2 gm./total * 
Rabbits Pereutaneous 91 mg./ke.8 


* Thienes and Roth.* 
t Kunkel and others.* 
{ Comstock, Lawson, Greene, and Oberst.* 

§ Horton, R. G., and Conn, L. W.: Personal communication to the author. 


Tas_e 2.—Summary of Chronic Toxicity of Hydraszine by Inhalation 


Concentration Mortality, % Remarks 


6meg./m.4 None Exposed for six months; lung injury 
18 mg./m.* wo Ltso, 27 = 5 days +; lung injury 
6 mg./m.? None Anorexia 


18 mg./m.* ft) Death after 13th and 74th exposures; no 
pathology attributable to hydrazine 


* Comstock, Lawson, Greene, and Oberst. MeGrath, Comstock, and Oberst.?- Comstock and Oberst." 
+ Ltso = time to death of 0% of animals exposed. . 


seem to summarize best the present knowledge of particular features of the mecha- 
nism of toxic injury, of the control of hazard, and of the treatment of poisoning. 


1. TOXICITY: ACUTE AND CHRONIC 

Hydrazine appears to be toxic to all forms of life. Among the higher animals 
there appears to be no marked species difference in sensitivity to the toxic actions 
of hydrazine. It is toxic by all routes of administration and does not appear to 
differ markedly: from other compounds in the difference in toxicity observed by 
different routes of administration to any given species.t Tables 1 and 2 summarize 


+ References 4 to 9. 
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the toxicity data. Anorexia, weight loss, muscle tremors, weakness, and vomiting 
are the chief symptoms of chronic inhalation exposure of concentrations producing 
minimal pulmonary pathology.t 


2. PHARMACOLOGICAL ACTIONS IN HIGHER ANIMALS 

(a) Central Nervous System—Toxic amounts given intravenously to cats, 
dogs, and other animals result in excitement and convulsions after a latent period 
of 15 to 20 minutes, or longer with smaller doses. Shortly after intravenous injec- 
tion hyperpnea appears, followed by excitement and tonic-clonic convulsions some- 
times accompanied by opisthotonos. The pupils are often dilated during the 
convulsive stages. After large doses dyspnea and cyanosis supervene. Such central 
nervous system stimulation is, of course, controllable by common central nervous 
system depressants, such as barbiturates.$ 

(b) Heart and Circulation—li convulsions are prevented by barbiturates or 
other central nervous system depressants, effects upon the circulation may be 
observed readily. Convulsive doses produce a precipitous drop in blood pressure, 
which is transient, returning to normal and then again falling over a period of time 
to shock levels. The pacemaker of the heart and auriculoventricular conduction are 
depressed. With very large doses, the contractility of the heart itself is decreased, 
and terminally ventricular fibrillation may supervene.'’ 

(c) Gastrointestinal Tract.—Effects observed upon the smooth muscle of the 
gastrointestinal tract include vomiting, which occurs in unanesthetized animals, 
and an increase in tone of the intestine. This effect, however, may possibly be due 
to a central nervous system effect, since isolated intestinal strips do not respond 
in a comparable fashion." 

(d) Liver—Hydrazine has striking effects upon the liver, as was noted very 
early in the century by Underhill and Kleiner,'* by Wells,’* and later by Bodansky ** 
and others.|| Superficially, the effects upon the liver resemble those of phosphorus, 
but they differ in an important respect in that the parenchymatous cells of the liver 
alone seem to lose their cytoplasm to a large degree in hydrazine poisoning, some- 
times leaving behind practically denuded nuclei whenever the cells are fragmented. 
However, the conspicuous feature of the hydrazine-poisoned liver is the great fatty 
replacement or “fatty degeneration” that occurs throughout, starting principally at 
the central portions of each lobe. The blood vessels and biliary tract are very little 
affected. If the doses are not too large and provided that a sufficient number of 
functional cells remain to tide the poisoned animal over the critical period, the 
effect on the liver is reversible.'* In further contrast to phosphorus, it appears that 
the greatest visible injury by hydrazine is confined to the liver, whereas phos- 
phorus injury is more uniformly distributed among organs. 

(e) Kidney.—Although azotemia has not been reported as a terminal feature 
in hydrazine poisoning in animals, urinary abnormalities may be observed. Some 
of these may arise from effects elsewhere, viz., on the liver and on the blood. 


t References 6 to 8. 
§ References 10 and 11. 
|| References 6 to 8. 
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However, the appearance of protein in the urine in the absence of extrarenal urinary 
tract involvement must be considered to be due to injurious effects upon the kidney. 
Histological changes in the kidney have been reported.{] 

(f{) Effects upon Metabolism.—The hypoglycemic action ‘* of hydrazine stimu- 
lated a number of studies on its metabolic effects. Underhill and associates # 
concluded that increased glucose oxidation was the primary cause of hypoglycemia, 
basing their belief on the rise in respiratory quotient during one period of the course 
of poisoning on the fall in liver glycogen and on allegedly increased combustion of 
administered glucose by hydrazinized animals. However, heat production was not 
increased, and hence the hypothesis of increased oxidation of carbohydrate to explain 
the hypoglycemia was open to question. Moreover, the effects of fasting or inanition 
appear not to have been completely accounted for, inasmuch as increased allantoin 
excretion, for example, was ascribed by Underhill and collaborators to inanition. 
Subsequently Lewis and co-workers * and others ** demonstrated accumulation of 
amino acid nitrogen in plasma of poisoned dogs, with a reduced ability of the liver 
to convert administered aminoacetic acid (glycine) and glucose to glycogen. 
Parenterally and orally administered lactate did not result in increased glycogen 
deposition in hydrazinized animals, and the blood sugar response to lactate was 
exaggerated. Izume concluded that the injured liver was unable to produce glycogen 
from noncarbohydrate (fat and protein) materials as well and thus the blood sugar 
level could not be sustained *4; mobilized fat accumulated in the liver. Hydrazine 
did not affect tissue protein levels of rabbits ** or acetone-body production of phlor- 
hizinized fasting rats.** It appears certain, therefore, that, in addition to preventing 
deamination, hydrazine interferes critically with reactions important to the utiliza- 
tion of carbohydrate material, possibly at the three carbon residue level. The pro- 
tective effect of pyruvate reported by Cole + and the toxic effect of glucose to 
hydrazinized animals claimed by Underhill '® seem to add support to this idea. 

The rise in plasma pH, COz combining power, and Na/Cl ratio during one 
stage of poisoning is believed by some ** to be accounted for by loss of acid in 
vomiting ; however, the chloride loss does not appear to account for all the alkalosis, 
and hence an additional and perhaps deeper-seated cause for the acid-base imbalance 
must exist. 

3. HAZARDS TO MAN 

The recent literature contains little information on the hazards of hydrazine and 
its salts to production plant personnel and other handlers beyond general statements 
in publications primarily directed to chemical and production problems.t The 
effects of brief and of prolonged exposure of man have not been described in suffi- 
cient clinical and laboratory detail to determine the extent of qualitative and quan- 
titative similarity to the effects on other animals. Vapor inhalation and liquid eye 
and skin contact are the major routes for injurious exposure, and effects may be 
local, systemic, or both. Dermatitis after skin contact has been reported.** The 
ammoniacal odor of hydrazine and effective ventilation combined should reduce 
inhalation hazard adequately, and prompt flushing of skin and eye with copious 


{ References 13 and 15. 
# References 16 and 17. 
* References 15 to 21. 
+ Reference 11. 

t References 2 and 25. 
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quantities of water should reduce the hazard of alkali-like skin burn and of percu- 
taneous absorption of toxic amounts. If results of animal experiments can be applied 
to man, complete vaporization of % oz. (15 gm.) in an unventilated room, 20 by 
10 by 8 ft. (6 by 3 by 2.5 meters), would result in approximately 400 mg. per cubic 
meter, a dangerous concentration if none were adsorbed by the walls, furnishings, 
fabrics, etc. ; the ratio of adsorbed hydrazine to hydrazine vapor form would deter- 
mine the amounts of spillage expected to be dangerous. However, adsorbability of 
hydrazine is potentially serious, since brief flushing of a room with air after a spill 
may lead to a false sense of security, inasmuch as the walls, furnishings, ete. could 
subsequently give off sufficient hydrazine to produce a hazardous situation. Possi- 
bility of such a hazard should be ascertained in each situation by suitable study. 


4. PERSONNEL PROTECTION AND TREATMENT OF POISONING 

Aside from the provisions relative to ventilation and washing of liquid contact 
with water implied in Section 3 above, adequate respirators, eyeglasses, rubber 
aprons, gloves, etc. should be provided wherever there is risk of exposure and 
particularly in the unusual circumstances of insufficient ventilation and lack of 
water. Treatment of casualties is, at present state of knowledge, empirical and 
symptomatic, and no single symptom is diagnostic of hydrazine intoxication. 

Convulsions characteristic of acute intoxication may be controlled by judicious 
use of a barbiturate, such as pentobarbital or thiopental, by a physician, with due 
regard for the central nervous system depression which often follows a convulsive 
episode of any origin. 

Skin and eye burns should be treated as are those produced by heat or by any 
other alkali. Dyspnea and signs of renal and hepatic insufficiency should be 
treated to the degree required by the extent of injury sustained. This should be 
determined by kidney- and liver-function tests, particularly carbohydrate tolerance 
and plasma amino acid nitrogen level following amino acid administration. Addi- 
tional treatment may include ascorbic acid administration, if results of treatment 
of acute intoxication reported in some animals are applicable to other species.” 
The protective effect of pyruvate alluded to earlier § may be considered in severe 
poisoning, and caution in the use of glucose should be observed.|| In severe acute 
poisoning, intravenous administration of fluids should be considered. 
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LEAD AND COPROPORPHYRIN EXCRETION OF PATIENTS 
TREATED WITH EDTA 
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A EVER-INCREASING problem found in the Commonwealth of Massachu- 
setts is lead poisoning. From 1947 to 1950 a total of 105 cases of lead poisoning 
were reported by the Massachusetts Department of Industrial Accidents. Today this 
figure has increased to approximately 150. These have included only cases which 
involved lost time and were compensable. 


For sometime the Division of Occupational Hygiene has been evaluating lead 
exposures by urinalysis. During the years 1947 to 1952, inclusive, nearly 700 
workers were found to be excreting sufficient lead to indicate a hazardous exposure, 
one that might if continued lead to lead poisoning in a rather high percentage of the 
cases. Several times that number of workers had sufficient lead absorption on their 
jobs to show lead values above normal but below the hazardous exposure level. 


Thus, the occupational lead-poisoning problem in this Commonwealth today is real, 
and the number of persons involved is considerable. 


The clinical treatments for this condition have been either symptomatic or based 
on driving lead into or releasing it from the bones. More recently sodium citrate ' 
and dimercaprol (BAL) have been used on an experimental basis. Sodium citrate, 
a chelating agent, is not very effective, and dimercaprol, a heavy metal complexing 
agent, is rather toxic. 

EDTA, which is ethylenediaminetetraacetic acid and which is also sold under 
the trade names of Versene, Sequestrene, and Nullapon, is the most recent drug 
used in lead intoxication. It is usually administered intravenously, but very recently 
it has been given orally in tablet form on an experimental basis. The dose for the 
intravenous administration varies, but as a rule 0.1 gm. of calcium versenate (cal- 
cium disodium salt of ethylenediaminetetraacetic acid) is given for every 30 Ib. 
(13.6 kg.) of body weight. The drug is given for varying periods of time, ranging 
from one day to seven days as a maximum. The oral administration of the 0.5 gm. 
tablet has been given to at least one patient. This patient has been taking eight of 
these tablets per day. 

The 24-hour urine samples which were obtained from the patients with lead 
intoxication and from the controls, all of whom were treated with EDTA, have been 
analyzed by a dry-ashing method.*? The samples obtained from these two groups, 
prior to treatment with EDTA and after EDTA was discontinued for at least two 
days, were analyzed by the coprecipitation procedure, which, in our case, is a 
modified variation of the Ross and Lucas method.* The reason for the ashing treat- 
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ment when EDTA was present in the urine is that EDTA prevented the precipita- 
tion of lead when we tried to coprecipitate it with ammonium oxalate and calcium 
chloride. 

Estimations of urinary coproporphyrin were made by a slight modification of the 
method described by Maloof. The lead and the coproporphyrin contents of all the 
urine samples were calculated as milligrams per liter of urine adjusted to a specific 
gravity of 1.024, as described by Levine and Fahy.’ We also determined the daily 


urinary lead and coproporphyrin excretions of all patients during their stay in the 
hospital. 


It makes little difference in the general picture whether the results are given as 
milligrams per liter adjusted to 1.024 sp. gr. or milligrams per day, because the ratio 
of the two values is relatively consistent for each of the individuals. 

We have studied the excretions of lead and coproporphyrin in 10 persons suffer- 
ing from plumbism who were treated with EDTA by physicians in several hospitals 


Average Lead and Coproporphyrin Excretions 


Estimated Coproporphyrin 
Lead Concentration, Concentration, 
Mg./L.* Mg./L.* 


A 
Max. Average y Max. Average 


* Adjusted to mean specific gravity 1.024. 


in the Boston area. One person was treated twice, and we have considered the data 
of the two treatments separately. Thus, our series totals 11. Three of these cases are 
described in detail in a paper to be published by Hardy and associates.” 

The number of days of treatment with EDTA was in most cases 4 to 8, but one 
patient received 10 days’ treatment; one, 13, and one, 25. In these latter cases one 
or more rest periods were interposed between periods of treatment. 

In most cases lead poisoning was not confirmed until a sample of urine had been 
analyzed for lead and coproporphyrin by our laboratory. After the diagnosis was 
established by the physician, the patient was admitted to a hospital, and after a 
suitable period administration of EDTA was begun. Samples of urine immediately 
prior to treatment were obtained in all but two of the 11 cases. 

During treatment, daily samples of urine were obtained for analysis, and at 
varying intervals, following the last date the drug was given, urine samples were 
also collected. 

The concentrations of lead in the urines of the patients when they were first 
suspected of, or diagnosed as, having lead poisoning varied from 0.17 to 1.2 mg. per 
liter of urine. 
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Sample 
0.10 0.55 0.28 0.60 10.6 3.7 
1.2 19.6 6.8 1.50 9.1 43 
12 19.9 7.7 0.20 11.0 2.3 
0.18 4.5 0.78 0.10 4.3 1.0 
0.11 0.22 0.17 0.10 5A 13 
0.06 0.70 0.35 0.20 3.5 18 
0.12 0.42 0.26 0.80 3.0 1.5 
0.03 0.39 0.22 0.10 3.2 11 
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The coproporphyrin values on the first urine samples examined ranged from 
0.1 to 14 mg. per liter. These figures are estimates and not accurate determinations 
of coproporphyrin I and III. 

The average values in the first urine samples in these 11 cases were 0.56 mg. 
per liter for lead and 6.5 mg. per liter for coproporphyrin. 

We have charted the average values on a curve and have listed the minimum, 
maximum, and average excretion values in the Table. During the waiting period 
before EDTA treatment was initiated, which period varied from a few days to a 
week or more, there was a drop in the average concentration both of urinary lead 


and of urinary coproporphyrin. This is indicated by the second points on the curves 
of the Chart. 


EOTA 
TREATMENT — 


AVERAGE LEAD AND COPROPORPH YRIN 
EXCRETIONIN PATIENTS 
TREATED WITH EDTA 
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TIME RELATION TO TREATMENT 


The first day of EDTA administration, as indicated by the third points, resulted 
in a very marked increase in the lead concentration and a slight increase in the 
coproporphyrin concentration. The lead increase was fundamental and occurred in 
every case. The coproporphyrin increase was much less marked and did not occur 
in every patient. 

The lowest lead concentration, found the first day of EDTA treatment, was 
1.2 mg. per liter; the average was 6.8 mg. per liter; and the highest was 19.6 mg. 
per liter. In comparison, three controls (medical personnel) were given single injec- 
tions of EDTA, and their average lead excretion on that day was 0.4 mg. per liter 
of urine. 

The second day of EDTA treatment resulted in a further increase in the lead 


excretion in the majority of cases and a slight decrease in the coproporphyrin 
concentration. 
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The third day of EDTA treatment showed a slight reduction in lead values and 
a marked reduction in coproporphyrin. At this point the average coproporphyrin 
concentration was slightly above 2 mg. per liter, compared with a pretreatment value 
of nearly 4 mg. per liter. The lead concentration, however, was nearly 8 mg. per 
liter, compared with less than 0.3 mg. per liter before treatment. 

The next points represent the final day of EDTA treatment. The lead concen- 
tration had fallen, but it was still over 3 mg. per liter. The coproporphyrin concen- 
tration was now 0.7 mg. per liter. These were average values for all 11 cases. 

Two days after the end of treatment the lead concentration had fallen to below 
1 mg. per liter, but it was still well above the pre-EDTA value. Analysis of the 
samples showed that EDTA was still present in the urine at this time. The copro- 
porphyrin value immediately started up, however. 

One week after the last injection of EDTA, the lead value was down to a point 
below the pretreatment level. The coproporphyrin value had again increased. 

The next samples showed conditions two, three, and four weeks following treat- 
ment, but our data for these points are not complete ; so only tentative conclusions 
can be drawn. In general, there has been a slight increase in lead excretion, followed 
by a leveling off at a concentration slightly below that found prior to treatment. The 
coproporphyrin has also tended to level off at a point very much below the pre- 
treatment concentration. However, the average concentrations of both lead and 
coproporphyrin are higher than we like to see, i. e., above 0.2 mg. per liter for lead 
and 1 mg. per liter for coproporphyrin. 


What has been accomplished by treatment with EDTA? As far as lead is 
concerned, the patients have in a few days eliminated as much lead as would 
normally be excreted in the urine in 100 to 150 days; yet the rate of lead excretion, 
once the EDTA itself has been eliminated, is almost as great as would be expected 
if there had been no treatment. 

The coproporphyrin value has come down remarkably, however, and has stayed 
down fairly well in most cases. 

In view of the large amounts of lead eliminated during EDTA treatment, the 
continued high excretion of lead following the administration of EDTA is somewhat 
surprising. It is probable that this lead is mobilized from relatively available storage 
depots in the body, e. g., the surface of bony structures. When treatment has been 
ended, considerable amounts of lead are still present in or near these depots, such as 
just below the periosteal bone surface. A considerable portion of this lead finds its 
way back into the blood stream, while the remainder migrates slowly into the 
interior of the bone. The ultimate effect of the EDTA treatment is to reduce the 
quantity of lead finally stored in relatively unavailable form in the bone. 


Another chelating agent but a relatively weak one, sodium citrate, has a negli- 


gible effect on the excretion of lead and of coproporphyrin as well, in comparison 
with EDTA. 


Dimercaprol,® on the other hand, has been shown to increase the urinary lead 
excretion markedly, although not to the same degree as EDTA. Because of its 
toxicity, dimercaprol is much less suitable for lead treatment than EDTA. 


It appears to us that if the best method of treating plumbism is by tying up the 
lead in a complex that is readily excreted in the urine EDTA is an excellent agent, 
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provided that it has no harmful side-etiects. While the effects of EDTA are impres- 
sive, the usefulness of this drug should be evaluated by both clinical and laboratory 
findings. 
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ARAPLEX G-25 and Paraplex G-40 are the first two polyester plasticizers 

developed for use in processing resins from polyvinyl chloride. They are formed 
by the reaction of long chain dibasic acids and polyhydric alcohols. Their properties 
are characterized by a high degree of permanence when incorporated in the vinyl 
resin, i. e., they are neither appreciably extractable nor volatile and they are chem- 
ically stable. They have found wide acceptance for use in many fields, including 
adhesive tapes, artificial leathers, insulating materials, and food packaging. In view 
of their widespread use and distribution, it is of particular importance to know of any 
toxic hazards from these materials. 

In a recent article by Mallette and von Haam,’ it was reported that Paraplex 
G-25 and Paraplex G-40 produce severe irritation of the skin of man and that both 
compounds produced the severest sensitizing effects of the 20 plasticizers that they 
tested. Since certain preliminary observations made by us on Paraplex G-25 were 
at variance with these reported by Mallette and von Haam, it was thought desirable 
to extend our studies to a larger group of subjects and to include tests on Paraplex 
G-40, with the research being independently conducted at the Jefferson Medical 
College (Studies 1) and at the Medical College of Virginia (Studies II). 

Contrary to the impression which we obtained from reading the paper by Mal- 
lette and von Haam, propylene glycol and mineral oil were not used by them as 
solvents ; actually the materials were applied in ointment form (25%) in a base of 
cold cream.* Hence in the present studies this was the form and concentration in 
which Paraplex G-25 and Paraplex G-40 were used by us unless otherwise specified. 


STUDIES I 


A. Paraplex G-25.—A small quantity of the 25% preparation was placed on 
Elastopatches and applied to the volar surface of the left arm of 25 subjects. Forty- 
eight hours later the patches were removed and the areas examined. No evidence 
of primary irritation was present in any of the subjects. 


Paraplex G-25 and Paraplex G-40 are manufactured by Rohm & Haas Co., Philadelphia. 
Director, Division of Metabolic Research, Jefferson Medical College of Philadephia (Dr. 
Sunderman) and Professor of Pharmacology, Medical College of Virginia (Dr. Haag). 
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Two weeks later the above procedure was repeated on the same subjects, the 
material being applied on the volar surface of the right arm. When the patches 
were removed 48 hours later, there were no evidences of sensitization, nor did any 
delayed reactions develop. 


B. Paraplex G-40.—A study of Paraplex G-40 was undertaken with the use of 
a technique identical to that followed in the case of G-25, excepting that sensitivity 
studies were omitted. There was no evidence of primary irritation at the site of 
skin application in any of the 25 subjects under observation. 


STUDIES II 


A. Paraplex G-25.—Paraplex G-25 was used in undiluted form. One-fourth inch 
(0.6 cm.) squares of cotton cloth were dipped into the material, placed on the volar 
surface of the left forearm of 25 subjects, and covered with a 1 in. (2.5 cm.) square 
of aluminum foil held in place with a 2 in. (5 cm.) square of adhesive tape. Other- 
wise the studies were conducted as described above for Paraplex G-25. In these 
tests Paraplex G-25 provoked no phenomena of primary irritation or sensitization. 

B. Paraplex G-40.—Paraplex G-40 was used in the form of the 25% prepara- 
tion. The patch tests were conducted on 25 subjects in the manner described for 
Paraplex G-25. These studies on Paraplex G-40 produced no evidence of primary 
irritation or sensitization in any of the subjects. 


SUMMARY 


Studies on humans with Paraplex G-25 revealed no evidence of primary skin 
irritation or sensitization when tested as a 25% ointment (25 subjects) or in undi- 
luted form (25 subjects). 

Similarly no signs of primary skin irritation (50 subjects) or sensitization (25 
subjects) were noted after testing with Paraplex G-40 applied as a 25% ointment. 

Paraplex G-25 and Paraplex G-40 have been manufactured in large quantities 
for 10 and 8 years, respectively. During these periods of time, no dermatitis that 
could be attributed to contact with these materials has been observed among the 
plant workmen. Furthermore, no dermatitis has been reported among workmen 
handling these materials for the fabrication of finished products. 


1025 Walnut St., Philadelphia (Dr. Sunderman). 
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ANALYSES OF BIOLOGICAL MATERIALS AS INDICES .OF EXPOSURE 
TO ORGANIC SOLVENTS 


HERVEY B. ELKINS, Ph.D. 
BOSTON 


NDUSTRIAL hygienists are prone to define organic solvents rather loosely. 
For purposes of this discussion, any organic compound used industrially which 
is a liquid at or near room temperature will be considered a solvent. The absorption 
of solvents by industrial workers ordinarily follows inhalation of the vapors. For 
evaluating exposure to solvents, possible tests include, in addition to atmospheric 
tests, analyses of urine or blood and, since solvents are volatile, of expired air. The 
test may determine either the unchanged solvent or some product of metabolism 
which can be identified as being derived from the solvent. 


I. DETERMINATION OF UNCHANGED SOLVENT 


The most obvious method of determining whether a person has recently absorbed 
a toxic solvent is to analyze his blood for the solvent in question. If we scan the 
literature of animal studies of toxicity, we find frequent reference to blood solvent 
levels following inhalation of the vapor. 

Pertinent data on concentrations of solvents found in the blood of animals and 
humans following inhalation of various concentrations are shown in Table 1. -xperi- 
ments on methanol, carried out at the Bureau of Mines, and on methylene chloride, 
carbon tetrachloride, and toluene, done by the Public Health Service ; other tests on 
carbon tetrachloride, carried out by the Dow Chemical Company, and work on 
carbon disulfide, done at the Harvard School of Public Health, and also studies 
made in Czechoslovakia are listed. 

It will be noted that concentration of solvent in the blood exceeds 1 mg. per 100 
gm. in only three cases ; in two of these, methylene chloride and carbon tetrachloride, 
the vapor concentrations used, 15,000 ppm, are far in excess of those commonly 
encountered in industry. Of these solvents, only methanol is found in the blood in 
appreciable concentrations when the exposure is of the order frequently found in 
industrial atmospheres. 


This is reflected in the ratio of blood concentration to atmospheric concentration, 
which is much higher for methanol than for the other solvents. As noted in the 
Table, there is excellent agreement between the value for carbon disulfide obtained 
by McKee’s group and that reported by Teisinger and Souéek. 


From the Division of Occupational Hygiene, Massachusetts Department of Labor and 
Industries. 


Presented at Annual Meeting of the Industrial Hygiene Foundation, Pittsburgh, Nov. 18, 
1953. 
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It has been stated that the largest sample of blood that it is practicable to obtain 
for routine tests from workers is of the order of 20 gm. Hence, to be useful, in 
evaluation of day-to-day exposure to the solvents in this Table by blood analysis, 
amounts of the solvent of the order of a few micrograms must be determined. Such 
sensitive tests are available for some solvents, e. g., benzene and carbon disulfide, 
hut simple procedures for the determination of microgram amounts of many solvents 
are not available. This is undoubtedly one reason that blood analysis for the 
unchanged solvent is not especially popular as a routine measure to determine 
exposure, 

Thus, Harren states that a search for carbon disulfide in the blood is useless 
as a means of detecting (chronic) carbon disulfide poisoning.* It is probable, how- 
ever, that too long a time elapsed between the end of exposure and collection of the 
hlood sample. There is little evidence that attempts have even been made to utilize 
such blood tests in the case of most other solvents. 


TaBLe 1.—Blood Analysis for Solvents 


Blood 
Air Cone., 
Cone., Me 


Subject Ppim 100 Gim C2 Re ference 


Dogs 475 12 0.128 Sayers and others ! 
Dogs 15,000 43 von Oettingen and others 
Dogs 15,000 0.0023 von Oettingen and others 


Monkey O17 0.0089 MeCollister and others 
Toluene 


re Humans OO 0.0025 von Oettingen and others ¢ 
Benzene 


Dogs 2 040 0.002 Sehrenk and others 


Humans Om 0.0007 Teisinger and Souéek 
Dogs 5 0.05 0.001 McKee and others * 
Humans 2 0.016 0.0007 MeKee and others # 


No doubt, analysis of blood for unchanged solvent is frequently carried out in 
the case of fatal or near fatal acute poisoning. Sack reports 44 mg. per 100 ml. of 
acetone in the blood of a worker following acute acetone poisoning.*! When a 
worker was fatally overcome cleaning out a degreaser in Massachusetts, a blood 
analysis for trichloroethylene was carried out by the State Police Laboratory.* It 
is of interest to note that this finding, 1.8 mg. per 100 ml., was well below the con- 
centrations reported during anesthesia with trichloroethylene where values of 6 to 
12 mg. per 100 ml. were found.’” 

However, blood analysis for ethyl alcohol is a test frequently used by police 
laboratories to detect inebriation. Concentrations of alcohol above 0.25 mg. per 100 
gin. of blood indicate probable intoxication. With concentrations below 0.15 mg., 
the subject is usually considered to be reasonably sober. 

Similarly, analysis of expired air for unchanged solvent vapors, while theoreti- 
cally possible, is rarely practiced. It could normally be employed in any situation 
where blood analysis was feasible. Curiously enough, its main use again is in 
connection with alcoholic intoxication. 

Analysis of urine for unchanged solvents is also an uncommon procedure, 
judging from the literature. 


* Walker, J. T.: Personal communication to the author. 


Solvent 
CCh 
Carbon disulfide 
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Methanol.—However, our laboratory has occasionally made urinary methanol 
determinations in conjunction with atmospheric analysis. We have nearly always 
found consistent results within a given group. That is, those persons in the area 
with the highest methanol vapor content had the highest urinary methanol levels. 
But when we made absolute comparisons between atmospheric and urinary methanol 
concentrations from studies made in different plants, the results were not nearly 
so good. 


Chart 1 shows some of our data on urinary and atmospheric methanol concen- 
trations. The commonly accepted maximum allowable concentration (M. A. C.) for 


methanol in air is 200 ppm. The corresponding urine concentration appears to be 
between 3 and 7 mg. per liter. 


5 
2 
3 


L i 


1000 2000 


PPM Methanol or Methyl Acetate in air 


Chart 1.—Urinary and atmospheric methanol concentrations. 


It is very likely that the inconsistencies shown are due in part to variations in 
sampling procedure. If all the urine samples were taken at the close of the workday 
and at the end of the workweek, it is probable that the points would lie more nearly 
along a line, and probably the urinary concentrations would tend to be higher than 
most of those shown in this Chart, since we have some reason to believe that 
methanol builds up in the body, to some degree at least, over a period of days. 

We believe that once enough data are available to indicate the proper sampling 
procedure urinalysis for methanol will be a reliable method of evaluating exposure 
to this solvent. 

Carbon Disulfide —The only other solvent whose determination as such in the 
urine shows any promise, so far as I have been able to determine, is carbon disulfide. 
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BIOLOGICAL MATERIALS AS INDICES OF EXPOSURE TO SOLVENTS 


While McKee implies urinary excretion of carbon disulfide is too poor to make 
urinalysis worth while, the results of Teisinger and Souéek indicate otherwise. 
While they report that oniy a very small portion of the absorbed carbon disulfide 
is excreted in the urine, they have found measurable amounts in workers with only 
moderately excessive exposures, even 24 hours after exposure had terminated. At 
the end of exposure, concentrations of the order of 0.3 mg. of carbon disulfide per 
liter of urine in workers exposed to about 50 ppm for 12 hours a day were found. 


II, DETERMINATION OF SOLVENT METABOLITES 


lf we do not limit ourselves to detecting the solvent itself but search for sub- 
stances derived from it, we find greater possibilities. 

Methyl Acetate—We had occasion not too long ago to study an exposure to 
methyl acetate vapor. Since the workers wore respirators part of the time, some 
measure of exposure other than air analysis was desirable. We took urine samples 
and analyzed for methanol. When we compared the results with those in workers 
exposed to methanol, they were comparable as shown in Chart 1. This, in spite of 
the fact that respirators were worn during the worst parts of the process. 

Benzene.—The best-known test for solvent metabolites in the urine is the urine 
sulfate test, so called, for benzene exposure. This test was developed at the Bureau 
of Mines and is based on the fact that benzene is oxidized in the body to phenol, 
which combines with the sulfate ion to form an organic sulfate.’ Such sulfate com- 
pounds do not ionize and hence do not show the reaction of the sulfate ion. How- 
ever, on heating with hydrochloric acid, hydrolysis occurs, with formation of 
sulfuric acid. 

The test consists of heating a portion of urine, e. g., 25 ml., with hydrochloric 
acid for a half-hour or so and then determining the sulfate content of the solution 
and comparing it with the sulfate content of an equal volume of urine which has not 
been heated. 


We have made the measurement of sulfate by a gravimetric procedure, precipi- 
tating the sulfate with barium chloride. Others have used turbidimetric or volu- 
metric methods, which are less tedious but probably no more accurate. 

The sulfate in normal urine is ordinarily 5 to 20% organic—that is, the ratio 
of inorganic to total sulfate will be 80 to 95%. If benzene is inhaled, the ratio will 
be lowered, in approximate proportion to the amount of benzene absorbed, as shown 
in Chart 2. 


With no benzene exposure, the sulfate ratio is normally above 80% ; with con- 
centrations of benzene vapor below 40 ppm, more values below 80% are found. 
When the vapor concentration is between 40 and 75 ppm, the trend of urine sulfate 
ratios (U.S. R.) is definitely lower, the majority being below 70%. Above 75 ppm, 
most of the ratios are below 50% ; above 100 ppm, they are mostly below 40%. 

Now, when this test was first proposed, it was recommended that ratios below 
50% be considered indicative of harmful exposure. At the same time the maximum 
allowable concentration (M. A. C.) in the air was 100 ppm. It is clear that with 
the use of these standards in many cases environments would be considered safe, 
if based on air studies, that would be judged harmful from U. S. R. At that time 
we were recommending 75 ppm as the M. A. C. for benzene, a suggestion that 
raised a considerable controversy. We considered the fact that this M. A. C. value 
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corresponded to the limiting urine sulfate value, a strong point in our favor. So 
far as we know, however, no other group changed its atmospheric M. A. C. to 
correspond to the 50% urine sulfate ratio, nor did anyone lower his urine sulfate 
ratio limit to 40% to correspond to the 100 ppm M. A. C. in air. 


More recently the M. A. C. for benzene has been reduced to 35 ppm by the 
American Conference of Governmental Industrial Hygienists. The corresponding 
U.S. R. is about 70%. However, with this limit, differences in the normal U. S. R. 
hecome important. Thus, a ratio of 75% means little in a person whose normal ratio 
is 80%, but a reduction from a normal of 95% to 75% would require an exposure 
at or above the M. A. C. of benzene vapor. 


URINE SULFATE RATIOS - % 
4o 60 


Chart 2.—Atmospheric benzene concentrations and urine sulfate ratios. 


The maximum effect of benzene vapor on the U.S. R. is noted at the end of 
the workday, According to our results, the ratio returns to normal the next morning, 
provided that the exposure has not been too great. 


Hence, to get the most out of U. S. R.’s now, | feel the ratio should be deter- 
mined in the morning (Monday morning, if you like) in order to get a normal value. 
Then a second sample is obtained at the end of the exposure period. The difference 
between the two ratios is a measure of the exposure. A decrease of 15% probably 
would indicate a border-line exposure, i. €., one of about 35 ppm of benzene vapor. 
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BIOLOGICAL MATERIALS AS INDICES OF EXPOSURE TO SOLVENTS 


Certain drugs reduce the U. S. R., and in doubtful cases their use should be 
checked. Occasionally a person fails to respond normally to benzene exposures. 
This is attributed usually to a poorly functioning liver. In addition, Treon and 
associates found that inhalation of high concentrations of cyclohexane and its deriva- 
tives, especially cyclohexanol, depressed the U.S. R. of animals.’? The effect was 
much less pronounced than with benzene, however. 

Toluene.—Because of its relation to benzene, toluene might be expected to 
affect the U. S. R. However, it has been found not to do so, to any extent, by 
several laboratories, including our own. 

Absorption of toluene can probably be best measured by determination of hip- 
puric acid in urine, as described by von Oettingen and associates.‘ They report that 
toluene is oxidized in the body to benzoic acid, which is excreted in conjunction with 
glycine as hippuric acid. 

1. GHsCH: —-—— C.HsCOOH. 
2. GHsCOOH + NH:CH:COOH = CcHsCONHCH:COOH + 


According to these investigations the average daily excretion of subjects exposed 
to 200 ppm of toluene (the M. A. C.) was 2,700 gm. of hippuric acid. However, 
the bulk of this was excreted during the exposure. From inspection of the results 
one would say that the sampling should be done at the end of the exposure, as with 
benzene, and a concentration of about 3 gm. of hippuric acid per liter of urine would 
correspond to the M. A. C. of 200 ppm. 

Trichloroethylene-—The presence of trichloroacetic acid in the urine of dogs 
exposed to trichloroethylene was noted by Barrett, Cunningham, and Johnston.* 
sutler has shown that the conversion of trichloroethylene to trichloroacetic acid 
probably goes through chloral hydrate and that trichloroethanol is also formed.'® 
Actually, Butler found considerably more trichloroethanol than trichloroacetic acid. 


CHCl = CCl, ———— CH(OH), CCls 

CCl COOH 
CH(OH): CCl———-> and 

CH:OH 

Unlike the metabolic products of benzene and toluene, the excretion of trichloro- 
acetic acid following trichloroethylene absorption is relatively slow. Where there is 
a single exposure to trichloroethylene, the maximum trichloroacetic acid concentra- 
tion is found two or three days later. If there is a daily exposure to trichloroethylene, 
it may take several days for the excretion of trichloroacetic acid to reach a maximum 
level. 

Excretion of trichloroacetic acid by trichloroethylene workers has been studied 
by Ahlmark and Forssman”® in Sweden and by Frant and Westendorp in the 
Netherlands.'* In addition, our laboratory has used this method of evaluating 
trichloroethylene exposures to some extent. However, whereas the above-mentioned 
authorities have used the Fujiwara pyridine test for measurement of trichloroacetic 


acid, we have for the most part relied on the determination of volatile organic 
chloride. 


I should like to be able to report that the three laboratories in three different 
countries, each one using a different method of analysis from the other two, arrived 
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at the same conclusions regarding the significance of different trichloroacetic acid 
concentrations in the urine. Unfortunately, such a report would be stretching 
the facts. 


Ahlmark and Forssman correlated urinary trichloroacetic acid with clinical 
findings and incidence of symptoms attributable to trichioroethylene. They con- 
cluded that concentrations in excess of 40 mg. per liter are frequently, and those 
in excess of 100 mg. invariably, associated with effects from trichloroethylene. 

Frant and Westendorp, however, have found little relationship between com- 
plaints about trichloroethylene fumes and trichloroacetic acid urine values. Several 
values above 100 mg. per liter are included. However, they did find fairly good 
correlation between urinary trichloroacetic acid and atmospheric trichloroethylene. 
In general, the trichloroacetic acid in milligrams per liter of urine is about twice the 
atmospheric trichloroethylene in parts per million, i. e., a concentration of 100 ppm 
would result in a urinary trichloroacetic acid of about 200 mg. per liter. 

While we have found our modification of the trichloroacetic acid urine test 
useful, we have not obtained very good correlation between atmospheric and 
urine concentrations. In our earlier studies we found the equivalent of about 160 
mg. of trichloroacetic acid per liter of urine, on the average, in workers with an 
average exposure of 100 ppm. More recently, however, we have tended to get 
lower urine values for exposures of similar magnitude. 


We believe our analytical method for urinalysis leaves something to be desired 
and are thinking seriously of going over to the Fujiwara test. Moreover, we feel 
that our samples have not always been taken at the best time in relation to the 
exposure. 


The concentration of trichloroacetic acid in urine indicative of excessive exposure 
to trichloroethylene probably lies somewhere between 50 and 400 mg. per liter, 
depending on whose data are employed. 


We have tried our test for volatile organic chloride on the urine of a few 
workers exposed to carbon tetrachloride and ethylene dichloride, with negative 
results in both cases. 


Organic Bromides.—Although not commonly used as solvents, certain organic 
bromides are encountered in industry. Recent past exposures of humans to methyl 
bromide have been determined by measurement of inorganic blood bromide content. 
Animal experiments have shown that absorption of ethyl bromide and chlorobromo- 
methane also results in an increased bromide content of the blood. Hence, there is 
little doubt that continued exposures to vapor of these materials could be estimated 
by determination of blood or urine bromides. 


Table 2 shows results of blood bromides on animals exposed to methyl bromide 
and methylene chlorobromide.+ 


We note that 1,000 ppm of methylene chlorobromide results in a blood bromide 
concentration of 300 mg. per 100 ml. Since 100 mg. per 100 ml. is the limiting 
safe concentration for bromide in blood, it is logical to conclude that 1,000 ppm is 
an unsafe concentration of methylene chlorobromide for continued exposure. 


+ References 11 and 12. 
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With methyl bromide in much lower concentration, the blood bromide concen- 
tration is nearly proportional to that obtained for methylene chlorobromide. In case 
of chronic exposure, blood bromides would be useful for evaluating over-all exposure 
to methylene chlorobromide. 

With methyl bromide (M. A. C., 20 ppm or so), border-line concentrations 
would presumably result in blood bromides of the order of 4 mg. per 100 gm. 
According to some authorities, such concentrations would be significant of abnormal 
exposure to bromides of some kind. According to others, normal blood might 
contain 3 to 4 mg. per 100 gm. of bromide. Bromine is also excreted in the urine, 


but some authorities report consistent results are not obtained by urinalysis for 
bromide. 


TaBLE 2.—Blood and Urine Analyses for Solvents and Metabolites 
Limited Data 


Air Cone., Blood or 
Substance Subject Ppm Test Urine Cone. 
Methylene chlorobromide 
MeC1Br 


Reference 
Dogs 1,000 Blood bromide 330 mg./100 gm. von Oettingen ** 


Rabbits 60 Blood bromide 11 mg./100 gm. Irish *2 


Humans Urinary earbon 0.3 mg.’ L. Teisinger 
disulfide 


Taste 3—Blood Analyses Following Poisoning Incidents 


Substance Outeome Blood Analysis Result Reference 
Trichloroethylene............... Fatal 1.8 me. TCE /100 gm, Walker 
Methyl! bromide Fatal 211 mg. Br/100 gm. ‘Tourangeau 

Nonfatal 50 ing. Br/ 100 gm. Tourangeau ** 
Fatal 9 me. Br/100 gm. Clarke '* 
Nontatal 7 meg. Br/100 gm. Clarke 


The investigations of at least two incidents of methyl bromide poisoning have 
included determinations of inorganic bromide in the blood of the victims. The 
results of the determinations are given in Table 3.4 

It is surprising to note the considerable discrepancy in the two groups of cases. 
In the one, which occurred in England, a concentration of less than 10 mg. per 
100 gm. was found in a fatal case. In the other, in Canada, values of a much 
higher order were obtained. At first inspection, it might appear that one of these 
studies was in error; but if the circumstances of the two poisonings are examined, 
another explanation of the discrepancy appears. The English cases resulted from 
a single exposure to a very high concentration of methyl bromide, resulting from 
a leak in a fire extinguisher. The Canadian cases occurred in a factory, and the 
exposure had lasted about three weeks in the fatal case and much longer in the 
nonfatal case. Hence, the bromide content of the body had been built up over 
this period. 


Aniline.—A recent paper by Hill *° indicates that the degree of absorption of 
aniline can probably be determined by measurement of diazotizable metabolites 
(chromogens) in the urine. 


t References 13 and 14. 


| 
Methyl! bromide 
219 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Carbon Tetrachloride —The fact that no volatile organic chloride was found in 
the urine of workers exposed to carbon tetrachloride vapor has already been men- 
tioned. A study by McCollister and associates, using radioactive carbon, however, 
has thrown considerable light on the metabolism of carbon tetrachloride.'® They 
found that about 50% of the carbon tetrachloride absorbed was later eliminated in 
expired air, The blood concentration at the end of exposure to 46 ppm was low, 
but considerable amounts of radioactive carbon were found in the urine in a non- 
volatile compound which was not urea and not carbon dioxide. They were unable 
to identify this substance, but it seems most probable that it is an organic chloride 
of some kind. If so, the concentration corresponding to 17 mg. per liter at the 


TasLe 4.—Urinalysis for Solvents and Metabolites 


Cone. 
Time of Corresponding 
Substance Collection Test to M. A.C, 
Benzene End of day Sulfate ratio 15% reduction 
from normal 
Toluene End of day Hippurie acid 2-4 mg./L. 
Methanol End of day Methanol 48 me. L. 
and week 
Methyl acetate End of day Methanol 4-8 meg.) L. 
and week 
Trichloroethylene End of week Trichloroacetic 75 me.) L. 
acid 
Volatile organie 75 mg./L. 
chloride 
Taste 5.—Urinary Excretion of Solvents or Metabolites 
Inhaled 
Solvent 
Substance Excretion Product Excreted, % 
Mckee: 0.5" 
Teisinger: 0.06" 


* Percentage of absorbed CSe. 


end of exposure and 5 mg. per liter a day later would probably be sufficient for 
determination by chemical means. It remains only for someone to identify this 
substance and work out a method of separation from inorganic chlorides and 
subsequent determination, and we might have a method of evaluating carbon tetra- 
chloride exposure by urinalysis. Since carbon tetrachloride is by far the most 
widely distributed of the highly toxic solvents, it is hoped that some organization 
will sponsor a successful attack on this problem. 

Adjustment for Specific Gravity—lIn the urine sulfate ratio, we determine not 
the absolute excretion of benzene but its relationship to the excretion of sulfate. 
Since it is almost certain that sulfate concentrations will parallel specific gravity, 
other things being equal, this test automatically adjusts for concentrations of the 
urine. 
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We have made this adjustment in measurements of methanol and_ volatile 
organic chloride. Hill, in evaluating aniline absorption by chromogen determina- 
tion, relates his results to creatinine excretion, a procedure that is possibly more 


accurate than, if not as simple as, specific gravity adjustment. 

Table 4+ shows the concentrations of various solvents, or metabolic products 
thereof, in urine corresponding, as nearly as we can tell, to the M. A. C. in the 
atmosphere, with the assumption of eight hours’ exposure five times a week. As 
a rule, for solvent exposures, samples should be taken at the close of the work 
period and, with trichloroethylene and probably with methanol, at the end of the 
workweek. 

The percentage of inhaled solvents which are excreted in the urine in the form 
determined is estimated for several substances in Table 5. It will be noted that it 
varies from a substantial percentage in the case of toluene to a very low fraction in 
the case of carbon disulfide. It will also be noted that McKee and Teisinger, whose 
results on blood carbon disulfide were in such excellent agreement, give quite 
different values for urinary excretion of carbon disulfide. 


SUMMARY 


To sum up, determination of urine sulfate ratios (U.S. R.) is a proved method 
of evaluating exposure to benzene vapor. Analysis of urine for the proper solvent 
or metabolite is certainly helpful in estimating exposures to methanol, methyl acetate, 
toluene, and trichloroethylene and undoubtedly absorption of aniline as well. Deter- 
mination of blood bromide is useful in connection with exposures to methyl bromide, 
methylene chlorobromide, and probably other organic bromides. In spite of reports 
to the contrary, | believe that measurements of urinary bromides could also be of 
value and that urinary carbon disulfide determinations may be helpful. There is 
even hope that a urinalysis method can be developed for carbon tetrachloride. 

In analysis of biological specimens for solvents, however, it appears that each 
solvent represents a different problem, and some knowledge of the peculiarities of 
the metabolism and excretion of each is necessary, else one may be led astray in 
one’s interpretation of the results. 
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RESPONSE OF RATS TO REPEATED INHALATION OF 
ETHYLENEDIAMINE VAPORS 
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THYLENEDIAMINE has found a wide diversity of applications in the chemi- 

cal industry as an intermediate in the synthesis of many commercially impor- 
tant compounds and as a solubilizing agent for water-insoluble acids, resins, 
and gums. 

Previous publications from this laboratory have described the acute toxicity of 
ethylenediamine to rats and guinea pigs by the oral and respiratory routes * as well 
as its irritating effects on the eyes of rabbits.'’ Barbour and Hjort studied the effects 
of ethylenediamine injected subcutaneously into mice and rabbits,’ and Boas-Traube, 
with collaborators, reported that the amine caused a blistering of the skin on 
humans.° Dernehl has observed dermatitis, respiratory distress, and headache 
among workmen exposed to ethyleneamines.’ Ile concluded that both irritative and 
allergic phenomena were responsible. 

Aside from human occupational exposure to unmeasured concentrations, little 
is known of the effects of repeated inhalation of the vapors of ethylenediamine, and 
it is the purpose of this paper to describe the effects of such exposures on rats. 

Ethylenediamine (NH»CH is an extremely hygroscopic liquid pos- 


sessing an ammoniacal odor. ‘The pure compound has a molecular weight of 60.10, 
a specific gravity of 0.8995 20/20 C., a boiling point of 117.2 C., and a vapor pres- 
sure of 10.7 mm. Hg at 20 C. A concentration of 1 mg. per liter of ethylenediamine 
vapor is equivalent to 408 ppm at 20 C. 


METHODS 


Rat groups larger than those which were eventually to be exposed to ethylenediamine were 
first subjected to a “conditioning run” of seven hours per day for five days. These rats were 
of Sherman stock from our own breeding colony. Exposure chambers of 197 or 547 liters’ 
capacity were used. Heated air was introduced into the chambers under slight negative pressure, 
and the rate of air flow was adjusted so as to achieve an approximate chamber air turnover 
every five minutes. To further simulate actual exposure conditions, food and water were with- 
held from the animals during the seven-hour “conditioning run.” The rats which lost weight 
during the runs were discarded, and only those with weights within two standard deviations 
of the means were selected for the actual exposures. 

Four exposure runs with nominal concentrations of 1,000, 500, 250, and 125 ppm were 
performed. Fifteen male and 15 female rats were used in each of the four exposures. Because 
these runs were not performed concurrently, each exposure group was provided with its own 


From the Mellon Institute. 
* References 1 to 3. 
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appropriate set of control animals. All animals which survived 30 days of exposure were killed 
immediately, and tissue slices for histological examination were taken from the lungs, heart, liver, 
kidney, adrenal gland, and spleen. Only the kidney, lung, and liver were sampled from the rats 
exposed at the nominal 125 ppm level. The liver and both kidneys of each rat were weighed to 
the nearest centigram before tissue sampling. 


The constant delivery of liquid ethylenediamine, for the nominal 1,000 and 500 ppm exposures, 
was effected by the use of a displacement-type proportioning pump, the device of Irish and 
Adams.* A power-driven syringe apparatus, described in an earlier report from this laboratory,® 
was used for the 250 and 125 ppm exposures. The evaporator that was employed was also 
described in the last-mentioned paper. The air flow, measured by means of the conventional ori- 
fice-type flowmeter, was adjusted to accomplish an approximate chamber air turnover every 
five minutes. 

The ethylenediamine concentration in the exposure chamber was determined by bubbling 10 
liters of chamber air through 10 ml. of 0.05 N HCl in a glass-bead absorption tube and titrating 
the excess acid with 0.05 N NaOH against methyl orange indicator. 


Summary of Response of Rats Exposed for Thirty Days to Ethylenediamine 


Nominal concentration, ppm 5 0 
Observed concentration, ppm 


Mean wt. of rats at start, gm 3.1 , 134.8 131.9 149.2 147.9 
Mean wt. gain of surviving rats, gm R +97.2 +85.2 +54.3 


Liver wt. as % of body wt : Pa i 4.04 4.16 
Kidney wt. as % of body wt..... O81 


Sets of tissues examined from 
uninfected rats 


Sets with major pathology... 
Sets with minor pathology 


< = Deviation below control is statistically significant. 
> Deviation above control is statistically signifieant. 


RESULTS 

We have noticed over a period of years that the actual vapor concentrations 
obtained in the type of exposure chamber used in this laboratory are approximately 
20% lower than calculations indicated, This concentration loss has been attributed 
to adsorption of the vapors on the chamber walls and inlet ducts and can usually 
be compensated by a proportional decrease in chamber air flow. 

However, the extreme hygroscopicity and chemical reactivity of ethylenediamine 
with atmospheric carbon dioxide caused the actual concentration of the vapors to 
be less than 50% of the calculated concentration, The solid white reactant product 
of ethylenediamine and carbon dioxide condensed in the inlet and outlet pipes as 
well as on the chamber walls. A water scrubber had to be installed between the 


chamber and the exhaust pump to prevent damage to the latter. The analytically 
determined mean concentrations of ethylenediamine for the nominal 1,000, 500, 250, 
and 125 ppm exposures were 484, 225, 132, and 59 ppm, respectively, with corre- 
sponding standard deviations of 15, 2, 16, and 7 ppm. 

Four Hundred Eighty-lour Parts per Million (Nominal 1,000 Ppm).—A\ 30 
rats died within 20 days of the initial exposure (Table). Depilation was first noticed 
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132 ou 
+75.7 +8258 
0.79 0.78 
30 0 16 0 0 0 0 0 
Mean no. of days to death........... 14 17.2 
27 0 6 3 1 


RESPONSE OF RATS TO ETHYLENEDIAMINE VAPORS 


on the 6th exposure day and continued almost to completion on the rats which were 
still alive after 10 to 15 days of exposure. \utopsies on the victims revealed damage 
to the lungs, kidneys, and livers. 

Cloudy swelling was seen in 23 of 28 livers examined. Cloudy swelling of the 
loop and convoluted tubules of most of the kidneys was noted, as well as degeneza- 
tion of the convoluted tubules in about 25% of the cases. Seventeen of 28 lungs 
were congested to various degrees, and congestion of the adrenal cortex was found 
in 5 of 28 cases. 

Two Hundred Twenty-Five Parts per Million (Nominal 500 P pm).—TVhe four 
rats which survived 30 days of exposure at this concentration showed a significantly 
lower weight gain and higher liver and kidney weights than the controls at time of 
autopsy. Depilation was still apparent but to a less degree than that observed at the 
484 ppm level. 

Histopathological findings were essentially the same as those seen in the victims 
of the 484 ppm exposure. Cloudy swelling of the liver and of the loop and convo- 
luted tubules of the kidneys was found in most cases. Congestion of the lungs was 
observed in about one-third of the tissues examined. However, a similar proportion 
of the control rats also exhibited congested lungs. 

One Hundred Thirty-Two Parts per Million (Nominal 250 Ppm).—There were 
no toxic deaths among the 30 rats exposed for 30 days. The death of four rats was 
attributed to lung infection. There was no significant alteration in the mean weight 
gain and in liver and kidney weights as compared with the controls, although a slight 
depilatory effect still persisted. No significant tissue damage was observed in the 
26 surviving rats. 

Fifty-Nine Parts per Million (Nominal 125 Ppim).—Vhe entire group of 30 rats 
survived 30 exposures without any effect upon mean weight gain or upon liver or 
kidney weights as percentage of body weight. Even slight depilation was absent. 
There was no significant damage to the lung, liver, or kidney, which were the only 
tissues examined at this concentration. 


COMMENTS AND CONCLUSIONS 

On the basis of the experimental evidence cited, it is apparent that 132 ppm pro- 
duced no detectable toxic effects on rats as judged by the usual criteria of response 
used by this laboratory. It should be noted that slight depilation still persisted at 
132 ppm, a level at which none of the other criteria of response examined showed 
a significant effect. 

Four persons in this laboratory were asked to sniff 100, 200, and 400 ppm 
concentrations of ethylenediamine vapors for periods of 5 to 10 seconds. We did not 
perform long-time human exposures because of the sensitizing nature of the amines 
in general. The subjects agreed that 100 ppm was inoffensive, that 200 ppm pro- 
duced slight tingling sensations of the face and slight irritation of the nasal mucosa, 
and that 400 ppm caused definitely intolerable irritation of the nasal mucosa. Past 
experience has demonstrated that such short-term tests are no more than rough 
guides to the concentration which is comfortable in protracted exposures. 

The clinical findings of Dernehl* upon allergic response in workmen indicate 
that estimation of a concentration which is “safe” in the sense used with most volatile 


solvents may be impossible with ethylenediamine because of its sensitizing powers. 
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At any concentration whatever, it is to be expected that some previously sensitized 
persons may develop allergic responses, while the least concentration which can 
sensitize those not already reactive probably is undefinable. 
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HIS STUDY is concerned with the toxicology and industrial hygiene of 

p-tertiary-butyltoluene, an aromatic hydrocarbon exhibiting the usual chemical 
reactions of the lower alkyl-substituted aromatics. Its structural formula is as 
follows : 


CH, 


The present report includes (1) observations made after single intragastric 
administration and vapor exposure to rats, mice, and rabbits, single percutaneous 
exposure of rabbits, and repeated vapor exposure of rats; (11) the results of sensory 
response in man, and (IIL) industrial health aspects. 

p-Tertiary-butyltoluene (TBT) has a molecular weight of 148.18 and a boiling 
point of 192.8 C. at 762 mm. Air saturated with the vapors at room temperature 
(25 C.) contains about 850 ppm. It has a distinct odor, to which a tolerance may 
soon be acquired. TBT has been suggested for use as a stable, high-purity, moder- 
ately high-boiling solvent for the preparation of resins and as a primary intermediate. 

The toxicity of benzene and the aromatic-substituted hydrocarbons of low 
molecular weight has been studied by numerous investigators. ‘The acute toxicity of 
toluene and the xylenes has been found comparable to that of benzene, although 
the associated hazard is somewhat less due to their lower vapor pressure. 
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The most pronounced and most consistent effects of these substances when 
absorbed in high concentration are depression of the central nervous system and 
irritation of the mucous membranes. There is considerable individual and species 
variation in the signs and lesions resulting from chronic poisoning. Visceral damage 
and depression of bone-marrow activity resulting in anemia, leucopenia, and thrombo- 
cytopenia can be demonstrated clinically in man and can be induced in laboratory 
animals. However, changes referable to the bone marrow do not often follow 
exposure to xylene and toluene, the report of Wilson! being one of the few which 
has shown a number of employees te have peripheral blood changes. Difficulties 
are encountered with xylene and toluene chiefly when benzene is also present, 


Taste 1.—Data from von Oettingen (1940) Relative to Acute Toxicity of Aromatics of Higher 
Molecular Weight 


Rats + 
Mice * - ~ ~ 
Intraperi- Subeu- Guinea Pigs,t 
MFC 8 TSP, || toneal MFD,© taneous MFD,® Intraperi- 
Compound Mg./L Mg./L. Ce./Keg. Ce. Ke. toneal MFD § 
Benzene baw 15 


Toluene 
o-Xylene 
p-Xylene 


Ethylbenzene . 

Styrene 

Propylbenzene 
p-Methylethylbenzene 
Isopropylbenzene ...... 
Pseudocumene 


Cymene 

p- Methylpropylbenzene 

Aimy lbenzene 
p-Ethylpropylbenzene ... 


Data on mice from Lazarew (1929). 

Data on rats from Cameron, Patterson, De Saram, and Thomas (1938), except as noted. 
Data on guinea pigs from Chassevant and Garnier (1903). 

minimum fatal concentration, 

TSP = concentration causing toleration of side-position. 

MFD minimum fatal dose. 

Batchelor (1929) 

* Vapor concentration too low for narcosis. 

Vapor concentration too low for toxicity. 


according to von Qettingen.? It has also been demonstrated both by Hough * and 
Svirbely * and their co-workers that smaller concentrations of benzene are required 
to produce a deleterious effect when toluene and xylene are also present. 

With the exception of studies on cumene and styrene, few investigations have 
heen reported concerning the toxicity of the higher substituted benzenes. Lazarew 
(reported by von Oettingen *) compared certain derivatives through p-methylpropyl- 
benzene in regard to the molar concentration necessary to produce the side-position 
in mice and found that with the exception of butylbenzene most were not as effective 
as the xylenes (Table 1). It may be inferred from his data that these compounds 
offer little hazard, but further investigation of the series would be advisable on the 
basis of our observations. 
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I. TOXICITY STUDIES IN RODENTS 
MetHops 


Single Exposure Toxicity Studies —(a) Intragastric Administration: Five groups of 10 
male rats (100 to 145 gm.) of the Long-Evans strain were given 0.8 to 2.4 mi. per kilogram of 
undiluted TBT intragastrically by mears of a ball-point needle and syringe. Five groups of 10 
male mice (17.4 to 23 gm.) of the Webster strain were similarly given 0.2 to 1.8 ml. per kilogram. 
Three groups of five male albino rabbits (2 to 2.8 kg.) were given 1.6 to 2.2 ml. per kilogram 
with the aid of a rubber catheter. All animals were held for a 10-day observation period after 
the administration, and those that died were subjected to necropsy. L.D.so values were calculated 
by the method of Thompson ® or Miller and Tainter.® 

(b) Vapor Exposure: groups of six female rats (150 to 200 gm.) of the Long-Evans strain 
were exposed for one, two, four, or eight hours to concentrations ranging from 60 to 1,500 
ppm. Groups of six male mice (18 to 22 gm.) were exposed for four hours to concentrations 
of 135 to 450 ppm, and two groups of four male rabbits (2.3 to 3.5 kg.) were exposed to 450 and 
1,000 ppm for a similar period. The method of exposure was as described by Hine and associates * 
for the vapors of CBP-55. All exposures at concentrations of 1,000 ppm or less were carried out 
at 30 + 1 C. (calculated saturated vapor concentration, 1,170 ppm). Exposures to concentrations 
greater than 1,000 ppm were carried out at 35 + 1 C. (calculated saturated vapor concentration, 
1,660 ppm). Nominal concentrations were calculated by the standard gas concentration formula 
described by Jacobs.* Analytical determination of the chamber vapor concentration indicated 
values ranging from 70 to 95% of the theoretical amount. Mortality ratios obtained were com 
pared statistically by the “moving averages” method of Thompson ® with reference to the tables 
prepared by Weil.” At the end of a 10-day observation period, the weight changes of the sur- 
vivors were calculated. Examinations were made for gross pathologic changes in all animals 
that died, and routinely samples of brain, thyroid, lungs, heart, liver, spleen, kidneys, stomach, 
small intestine, urinary bladder, adrenals, pancreas, spinal cord, and sciatic nerve were taken 
for histologic studies. The blocks of tissue were fixed in Carnoy’s fluid and 10% formaldehyde, 
imbedded in paraffin, sectioned, and stained with hematoxylin and eosin. Frozen sections of liver 
and kidneys were stained with oil red (Sudan IIL) for histologic determination of possible fat 
infiltration of the tissues. 

(c) Percutaneous Toxicity: The effect of cutaneous application of TBT was investigated, 
as described by Hine and associates,’ according to the standard methods of Draize, Woodard, 
and Calvery '° as modified by this laboratory. The rabbits were removed from the holder after 24 
hours and examined for local and general effects. Moribund animals were killed for necropsy ; 
blood was drawn for red and white cell counts and hemoglobin estimation, and suitable tissues 
were taken for histologic examination. 

(d) Irritation Studies: Skin and eye irritation studies were conducted and scored according 
to the method of Draize, Woodard, and Calvery and in accordance with the procedure of 
Carpenter and Smyth.!! 

Local Inflammatory Response: Schnitzer's studies '? on the spreading of trypan blue in 
benzene-treated animals indicated that benzene reversed the normal inflow and outflow of fluid 
and cellular elements through inflamed tissue, so that the dye did not localize in the inflamed 
area. In order to determine whether TBT might exhibit a similar property, five rabbits (2.5 to 
3.5 kg.) were clipped of hair over the site of injection, and all were given seven subcutaneous 
injections over a period of nine days. One animal received 1 ml. per kilogram of sesame oil; one 
received 1 ml. per kilogram of benzene, and three received 1 ml. per kilogram of TBYT. The 
benzene and TBT were made up in sesame oil, 1: 1 by volume. 

An erythrocyte and leucocyte count and a hemoglobin estimation were made on all rabbits 
at the beginning of the experiment. At the end of the seventh injection, all animals were given 
3 ml. of concentrated peptone broth in the extensor surface of the foreleg. After a lapse of 
two hours, 2 ml. of India ink was injected into the inflamed site and into the corresponding site 
on the opposite leg. After 48 hours, the rabbits were killed, and the axillary lymph nodes were 
examined for evidence of India ink infiltration. 

Repeated Exposure Toxicity Studies——(a) Short-term Repeated Vapor Exposure: A group 
of five male and five female rats (250 to 310 gm.) of the Long-Evans strain was exposed for 
one hour on five consecutive days to air saturated with the vapors of TBT at 25 + 1 C,, 
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approximately 850 ppm. A similar group was exposed 10 times in 12 days, and a group of 
10 males and 10 females was exposed 7 times in 9 days. Survivors were killed for necropsy. 

(b) Long-term Repeated Vapor Exposure: Animals were exposed either in a 165 liter 
chamber to a constant flow of 14.6 liters per minute (about five air changes per hour) or in a 
chamber of about 200 liters capacity to an air flow of 21.2 liters per miaute (six air changes per 
hour). A constant-metering device delivered TBT liquid in measured amounts to the evaporator, 
where it vaporized in the air entering the chamber. The air in the chamber was allowed to 
equilibrate to, theoretically, 95 to 99% of the desired concentration. 

Groups of 10 female rats (118 to 148 gm.) of the Long-Evans strain were exposed to approxi- 
mately 25 (25 to 30) ppm of TBT vapor for one, two, four, or seven hours daily except week 
ends. Another group of 10 served as control. All animals in the experiment were deprived of 
food and water for a period of approximately eight hours a day, so that the control and all 
experimental groups would have the same access to food and drink. All animals were weighed 
once a week and observed frequently for behavior and general well-being. Growth curves were 
plotted, showing the mean weight gain of each group. In the same manner, groups of 10 female 
rats (110 to 156 gm.) were repeatedly exposed to approximately 50 (50 to 60) ppm of TBT 
vapor. Half of the rats exposed to 25 ppm were killed after 50 exposures and half of those 
exposed to 50 ppm after 25 exposures (Group A). The remaining animals were continued on 
daily exposures for a total of 26 weeks before being killed (Group B). After light ether 
anesthesia, the animals were decapitated and allowed to exsanguinate. Blood was collected at 
this time for red and white cell counts and hemoglobin estimation. Bone-marrow smears were 
made and stained immediately with Wright's stain. Specimens of cerebrum, thyroid, lung, heart, 
liver, kidneys, adrenals, ovaries, spleen, pancreas, and lymphatic tissue were fixed in Carnoy’s 
fluid, while cerebrum, cerebellum, medulla oblongata, liver, kidney, spinal cord, and sciatic nerve 
were fixed in 10% formalin, Organ/body weight ratios were determined on liver, kidneys, lungs, 
spleen, and heart. Statistical comparisons were made of these ratios, as well as mean weight gains 
and results of the blood studies. The level of significance was arbitrarily set at p = < 0.05. 

Determination of Vapor Concentration: Vapor samples were collected occasionally as a 
check on the nominal chamber concentration. Evacuated glass bulbs were used in procuring the 
samples. The bulb was attached to the sampling port, and air from the chamber was drawn 
through by suction at the rate of 3 liters per minute for five minutes. Five milliliters of isoéctane 
was added to the bulb, which was then shaken for 10 minutes. The quantity of absorbed TBT 
was determined by ultraviolet spectrophotometry, as described in the section on Industrial Health 
Aspects (Section III). 

RESULTS 

Single Exposure Toxicity Studies.—(a) Intragastric Administration: The rats 
receiving the higher dose levels were usually affected within 10 to 15 minutes ; those 
receiving the lower dosses were not appreciably affected until 30 minutes had passed. 
Signs of disturbance of the central nervous system predominated. At first there was 
stimulation ; increase in activity was followed shortly by ataxia, confusion, tolerance 
of side-position, and marked depression. Dyspnea was apparent early but was not 
severe until the terminal stages. General paresis, followed by recovery in four or 
five hours, was observed in several rats. Respiratory depression, accompanied by 
fibrillation and abnormal posture, usually ended in death. Deaths occurred after 
24 to 48 hours. 


Results in mice were similar to those in rats. 


Head drop and paresis of the forelegs occurred in two rabbits at the 2.2 ml. per 
kilogram level and in one at the 1.8 ml. level. Six hours after administration the 
animals were unable to stand and remained lying on their sides. From time to 
time there were severe convulsions. The rabbits moved their extended legs forward 
and backward and then assumed a spastic state; they did not respond to food or to 
mechanical stimuli. Deaths usually occurred in less than 24 hours, but one rabbit 
lived almost three days before it died. Mortality data are summarized in Table 2. 
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(b) Vapor Exposure: Rats. L. C.s9 values for female rats following single 
exposures ranged from 165 ppm after eight hours of exposure to 934 ppm for a 
one-hour exposure (Table 3). The principal toxicologic responses were impairment 
of the central nervous and the respiratory systems. Changes in behavior and 
activity were not apparent below 135 ppm and occurred only after exposure of four 


TaBLe 2.—Mortality Following Intragastric Administration of TBT to Mice, Rats, and Rabbits 


Dose, Mortality 
Species MI. Ratio 


Ww 
Ww 
18+ 0.14 
10 
10 
10 
10 0.9 > 0.06 
lo 


Os 


Male rats 


Sas 


| 
| 


20> 014 


Male rabbits 


ome 


* Method of Miller and Tainter.® 


TaBL_e 3.—Acute Vapor Toxicity of TBT to Female Rats and Male Mice 


‘Time of Death After Start of 
Exposure, Hr Mean 

Exposure, ~ Mortality —— L.C.50,* Weight 
ir. Me. L. Ppm R 1-2 24 48 44 as Ppm Change t 

Rats 2.72 4) es 1 vr 

One 5.0 1,000 +130 

1,500 


Concentration 


40) 
670 
1,000 
1,500 


135 


Four 


Eight 


Mice 
Four 
450 


* Vapor concentration lethal to 50% of animals. 
+ Per cent weight change of survivors during 10 days. 


or more hours. Signs of depression usually appeared after removal from the 
chamber rather than during the exposure. Loss of the righting reflex and moderate 
anesthesia preceded death in about half the cases. 

Disturbances in muscle tone and activity were most striking. Paralysis of both 
spastic and flaccid types occurred at all concentrations where deaths ensured. 
Paralysis of the hind legs was more frequent than paralysis of the forelegs. A few 
animals survived with paralysis of all muscles other than those controlling the head, 
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neck, and thorax. Other disturbances in motor function were peculiar retrograde 
movements, waddling, irregular gait, and increase in muscle tone. Evidence of 
extreme stimulation of the central nervous system appeared in some animals, gross 
tremors being followed by either tonic or clonic convulsions and epileptoid seizures. 
These were intermittent and recurred over a period of some hours. Carpopedal 
spasm and cross extension of the forelegs was noted in some animals. The majority 
of animals which showed neurologic lesions and survived the initial 24-hour period 
recovered only partially. In some there was evidence of atrophy of the hind legs, 
while in others paralysis was of the spastic type. The lowest concentration at which 
muscular weakness was seen was 90 ppm; it appeared after an exposure of about 
six hours. 

The signs of respiratory disturbance varied from slight nasal discharge to profuse 
discharge, salivation, and pulmonary effusion, with extreme respiratory embarrass- 
ment. The majority of animals showed some signs of irritation of the ocular and 
respiratory tracts on exposure, even at the lowest concentration (60 ppm). This 
usually lasted for only 10 minutes, however, as tolerance quickly developed. Dyspnea 
was noted at concentrations as low as 90 ppm but was not severe until concentrations 
of 135 ppm were reached and did not usually appear until from three to four hours 
after the commencement of exposure. However, exposure to 1,500 ppm caused 
almost immediate respiratory distress, with extreme dyspnea. A bloody effusion 
from the nares was noted in moribund animals, exposed to concentrations of 300 
ppm or higher, whose death was due principally to irritation of the respiratory tract. 

Mice. The response of mice exposed for four hours to various vapor concentra- 
tions was very similar to that of rats. The respiratory tract was irritated to a 
slightly greater degree, and stimulation of the central nervous system was commoner 
than depression and partial paresis. The L.. C.59 for the four-hour exposure period 
was identical in mice and rats, i. e., 248 ppm. 

Rabbits. With the exception of a slight dyspnea in the group of rabbits exposed 
to 1,000 ppm, there was no evidence of intolerance to the vapors of TBT. The 
absence of motor symptoms and maintenance of normal weight indicated very little 
response on the part of this species. Further exposures were not carried out. 

(c) Percutaneous Toxicity: None of the 12 rabbits receiving up to 10.7 ml. 
per kilogram of TBT showed evidence of intoxication, but at 15.5 and 22.8 ml. per 
kilogram, five of eight animals showed evidence of severe alterations in physiology 
and subsequently died. The survivors showed only minimal toxicologic responses. 
Abnormal signs included fibrillation, tremor, weakness, pupillary dilatation, nystag- 
mus, reduction of body temperature, depression of cardiac and respiratory rates, 
excessive pulmonary discharge, opisthotonos, clonic and epileptoid convulsions, and 
depression of the central nervous system. The L. D.59, as calculated by the method 
of Thompson, was 19.6 (13.8 to 27.8) ml. per kilogram. 

(d) Irritation Studies: TBT was found to be only a mild rubefacient, with a 
skin irritation score of less than 0.5, according to the method of Draize and asso- 
ciates.’". Erythema was more pronounced in the intact than in the scarified areas, 
and in only one of six animals was there evidence of edema at the site of application. 

The most consistent sign of eye irritation was a moderate to heavy discharge 
from the treated eyes. A slight chemosis was evident at the 24-hour point, but it 
had disappeared before the time of the 48-hour reading. The average total scores 
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at 1, 24, and 72 hours, according to Draize’s method, were 9.3, 6.6, and 4.0. Accord- 
ing to the method of Carpenter and Smyth,'! the grade of irritation was less than 1. 
These classifications indicate only a moderate irritation of the conjuctiva. 

Two of three rabbits given TBT subcutaneously had extensive skin ulcerations. 
The benzene-treated animal had evidence of India ink in both axillary lymph nodes, 
while the control and two of the three TBT-treated rabbits showed India ink only 
in the node on the noninflamed side. The third TBT-treated rabbit seemed to have 
India ink in the nodes on both sides. From this we concluded that, unlike benzene, 
TBT does not reverse the normal inflammatory response. 

Repeated Exposure Toxicity Studies (a) Short-Term Repeated Vapor Expo- 
sure: Signs of severe impairment of muscle tone and locomotion were elicited in 
30% of the animals. Following the first one-hour exposure, clonic movements and 
tremors appeared. After the second or third exposure, affected animals showed 
pronounced head drop, dyspnea, flexor paralysis, and retrograde movement. Sixty 
hours after the onset of symptoms a slight improvement was noted in some animals, 
though pedocarpal spasm persisted unchanged. Mortality was 80% following 10 


Tas_e 4.—Mortality in Rats Resulting from Repeated One-hour Saturated lLapor Exposures* 


Expo- Mortality After Exposure, No 

sures, Sup 

! 15 3/10 


* Approximately 850 ppm at 2521. 


exposures (Table 4). Some animals with gross neurological involvement survived. 
As in the acute experiment, pulmonary edema and chemical pneumonia caused the 
death of most animals. 

(b) Long-Term Repeated Vapor Exposure: There was no evidence of unusual 
behavior in rats exposed 50 times to 25 ppm or 25 times to 50 ppm (Group A). 
However, the animals appeared to have a slightly lowered respiratory rate while 
in the exposure chamber. Slight irritation of the eyes occurred throughout the 
experiments, usually during the first hours of exposure, as manifested by increased 
blinking and periodic forceful closure of the eyelids. A transient reddish-brown 
encrustation of the eyelids was occasionally observed at all levels of exposure. 

There was normal weight gain in these groups. Inspection of the growth curves 
(Chart 1) showed an apparent appreciable decrease in mean weight gain of the 
group receiving the seven-hour exposure to 50 ppm. However, statistical analysis 
of weight gain data did not indicate a significant decrease. Decreased food intake 
was noted in this group after the first exposure and persisted throughout the 
experiment. Statistical examination of organ/body weight ratios showed a signi- 
ficant increase in the weight of the liver, as compared with control values, in the 
two-, four-, and seven-hour group exposed to 25 ppm and in the seven-hour group 
exposed to 50 ppm. There was one significant difference in the kidneys at 50 ppm, 
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25 PPM P-TERTIARY BUTYL 
TOLUENE 


FEMALE RATS 
10 RATS PER GROUP AT START OF EXPT. 
LEGEND 

CONTROL 

ONE-HOUR EXPOSED 
TWO-HOUR EXPOSED 
FOUR-HOUR EXPOSED 
SEVEN-HOUR EXPOSED 


5O PPM P- TERTIARY BUTYL 
TOLUENE 


MEAN B00Y WE/GHT CHANGE (GRAMS) 


i 
o 10 20 30 40 $0 660 760 8 90 100 110 120127 
NUMBER OF EXPOSURES 
4. 4h 4 4 fund 
14 29 45 59 75 87 #101 115 129 145 157 171 180 
NUMBER OF DAYS ON EXPERIMENTS 


Chart 1.—Weight gain during long-term repeated vapor exposure. 


Taste 5.—Mean Organ/Body Weight Ratios of Rats in Groups A and B Exposed 
to 25 and 50 PPM of TBT 
Kidney 
Control 25 Ms 3. 0.618 0.596 
0.644 0.578 


0.650 0.636 0.514" 
0.659 0.631 0.482 


0.606 0.610 0.442 
0.733" 0.669" 0.538 


0.635 0.590 
0.666 0.702" 


0.666 0.645 
0,708 0.783" 


* Significantly heavier than control values (p = < 0.05). 
Group A: Rats exposed daily to 25 ppm for 50 exposures or to 50 ppm for 25 exposures. 
Group B: Rats exposed to 25 or 50 ppm daily for 26 weeks. 
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those of the two-hour group being heavier than those of the control. The spleens 
of the one-hour group exposed to 25 ppm were significantly heavier than those of 
the controls (Table 5). 

There were also no apparent signs of toxicity in Group B, the animals exposed to 
25 or 50 ppm for 26 weeks, except in three rats exposed for seven hours daily to 
50 ppm. One of these died after 42 exposures. Another developed a severe flexor 
spasticity of both forelegs after 59 exposures, which improved after 7 to 10 further 
exposures. After 71 exposures one rat developed a minimal alopecia of the dorsal 
pelvic region and a slight waddling gait due to weakness of the hindquarters. This 
disappeared after 10 to 15 further exposures. 

Gross examination of Group B growth curves showed increasing retardation 
of weight gain in accordance with length of exposure and increase in concentration 
(Chart 1). Statistical significance was not attained, probably because of the original 
internal variation in weight within the groups. Statistical examination of organ/body 
weight ratios showed heavier livers in all animals exposed to 50 ppm and in those 
exposed to 25 ppm for four and seven hours. Kidneys of the two-, four-, and seven- 
hour groups exposed to 50 ppm were also significantly heavier (Table 5). 


PATHOLOGY 

Single Exposure Toxicity Studies.— The gross changes were qualitatively similar 
among the different species but varied quantitatively according to the route of 
exposure. The greatest amount of liver damage was seen in rabbits which had been 
given TBT percutaneously. Hyperemia of the gastroenteric tract appeared only in 
animals receiving the compound intragastrically. Evidence of irritation of the pul- 
monary tract was most marked in animals exposed to graded concentrations of 

apors, but it was also seen in those given TBT by other routes. Gross lesions 

were present in the majority of animals which showed intoxication and survived 
for 10 or more hours and were invariably present in moribund animals which sur- 
vived for 24 hours. These lesions consisted of cerebral edema, engorgement of the 
abdominal viscera, and enlargement and yellowish discoloration of the liver, which 
was severest in rabbits that had been given TBT percutaneously. Hyperemia of 
the gastrointestinal tract appeared only in animals receiving the compound intra- 
gastrically. Evidence of irritation of the respiratory tract was most marked in ani- 
mals exposed to graded concentrations of vapors, but it was also seen in those given 
TBT by other routes. 

Microscopic examination of the tissues confirmed the extent of visceral involve- 
ment and disclosed a number of lesions in the central nervous system.* The changes 
in the liver were principally due to fatty infiltration, which was either centrolobular 
or ditfuse. In the tubular epithelium of the kidneys there were fine granular changes 
and moderate fatty deposits at the base. Pulmonary emphysema was conspicuous, 
and in some animals there was diffuse pulmonary edema and severe hemorrhage. 
All organs were hyperemic. 

The lesions of the central nervous system are described in detail elsewhere + 
and may be summarized as follows: 

In cerebrum, cerebellum, and cord, there was diffuse edema of the white matter 
and occasionally acute necrosis, particularly in the corpus callosum and the cord. 

* Special staining techniques required. 
+ Ungar, H., and others, paper to be published. 
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In many areas large vacuoles had formed which contained palely staining material 
of colloid-like appearance. Acute neuronal changes were present—swelling, vacuol- 
ation, and chromatolysis—in the cortex, hippocampus, and cerebellum. In_ the 
spinal cord, beginning in the medulla oblongata, the nerve cells in the anterior gray 
columns frequently showed vacuolar changes of nuclei and occasionally complete 
chromatolysis. No lesions were seen in the sciatic nerves. 


In occasional rats there was evidence of decreased numbers of erythrocytes and 
leucocytes in the peripheral blood. This occurred usually in animals that were 
severely intoxicated but survived for from 10 to 14 days. There was also occas- 
sional increase in the fat content of the bone marrow. However, no uniform abnor- 
malities were seen with respect to the blood of rats. In three of four rabbits injected 
with TBT in the experiment on local inflammatory response, the leucocytes remained 
normal in number, but there was significant decrease in erythrocytes. 


Taste 6—Mean Hemoglobin, Erythrocyte, and Leucocyte Values for Rats 
in Groups A and B Exposed to 25 and 50 PPM of TBT 


Erythrocytes, Leucocy tes, 
Hemoglobin, % Millions Thousands 
Group d B A B 
Control 5 104.7 7.0 6.93 
6.78 6.60 
103 8.32 6.39 
100.4 7.71 6.38 
100 8.56 6.26 10.66 
100.5 7.64 6.51 13.76 
4.8 108 8.56 6.52 924 
92.3 101 7.18 6.66 12.23 
94.3 1038 8.28 6.24 8.63 
97.7 97.3 5.97 7.04 8.97 


= 


= 


Group A; Rats exposed daily to 25 ppm for 50 exposures or to 50 ppm for 25 exposures, 
Group B: Rats exposed to 25 or 50 ppm daily for 26 weeks. 
* Significantly fewer than control value (p = < 0.05). 


Repeated Exposure Toxicity Studies.—Gross changes were neither remarkable 
nor constant. In Group A (the animals killed first), in occasional rats the visceral 
organs were friable and the peritoneal fat was decreased. Most of the animals 
exposed for seven hours showed a moderate brown-mottled discoloration of the liver. 
Microscopic examination of the viscera revealed occasional mild peripheral fatty 
change in livers of rats exposed to 50 ppm and patchy emphysema of lungs, one rat 
having early bronchopneumonia, Only two animals exposed to 50 ppm for seven 
hours had fat deposits in the renal tubular epithelium. [Edema of the tracheal 
mucosa, with partial desquamation of the surface epithelium, was present in two 
rats. In the myocardium of one rat in the two-hour group and one in the four- 
hour group of the 50 ppm series, focal necrosis was observed in various stages of 
organization. Organs in the 25 ppm series were essentially free of pathologic change, 
irrespective of the length of exposure. 

The bone-marrow changes in the seven-hour group were also of interest. Here, 
despite a cellular marrow, there was evidence of depression of erythropoiesis and 
an increase in the myeloid/erythroid ratio. The hemoglobin percentage and white 
and red cell counts obtained at necropsy (Table 6) were significantly lower than 
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values obtained prior to exposure. However, the values obtained in control animals 
also differed significantly at this time, and we feel that the depression of hemato- 
poiesis, as reflected in the peripheral blood, was questionable. 

The lesions in the nervous system in animals exposed 25 and 50 times, respec- 
tively, were of identical severity in the seven-hour and four-hour groups and were 
unrelated to concentration of vapor. They were essentially those of chronic enceph- 
alomeningitis, characterized in the meninges by increased cellularity and, in some 
areas, fibrous thickening. There were areas of chronic neuronal damage and 
increased satellitosis in deep cortical areas, striatum, and medulla oblongata. In 
some animals endothelial proliferation of blood vessels and perivascular accumula- 
tions of small round cells were found and occasionally also nodular foci of prolifer- 
ated glia cells. Patchy areas of demyelination were seen in the corpus callosum and 
the pedunculi cerebri. In the two-hour groups the lesions were qualitatively similar, 
though not in all the animals, and not usually as severe as following longer exposure. 

Few noteworthy lesions were seen at necropsy of the Group B animals, main- 
tained for 26 weeks on daily exposures. One animal in the 25 ppm one-hour 
group had consolidation and induration of the upper right lobe of the lung, and one 
in the seven-hour group had bronchiectasis. Among the 50 ppm animals there were 
two cases of bronchiectasis and two of friable liver, at different exposure levels. 
One rat in the seven-hour group had discolored kidneys and an abnormally pale 
liver. 

There were no microscopic changes of significance in Group B animals other 
than infrequent mild peripheral fatty changes in the livers of those exposed to 50 
ppm. There was no evidence of cirrhosis in these animals or increased incidence 
of renal tubular changes. The organs of the 25 ppm. series were essentially normal. 

Lesions of the central nervous system in Group B were similar to, and not 
advanced in comparison with, those found as a result of shorter exposure. 

There were no statistical differences in the erythrocyte counts or percentage 
of hemoglobin in Group B. The leucocyte count of the 25 ppm groups also did not 
differ statistically, but at 50 ppm the leucocytes of all but the one-hour group were 
significantly fewer. 

Test for Hemolytic Properties—I\n order to determine whether TBT would 
lake blood in vitro, 2 drops of defibrinated rat blood were placed in each of several 
test tubes containing 5 ml. of 0.9% sodium chloride. The suspensions were then 
saturated, respectively, with TBT, benzene, and ether and allowed to stand at 
room temperature for half an hour. A fourth tube contained blood and distilled 
water only as a control. 

There was no laking with TBT, with benzene, or in the control tube, but laking 
occurred both in the tube containing ether and in that containing distilled water. 


COMMENT 

While qualitatively TBT resembles the lower aromatics in its effects on the 
central nervous system, comparison of the acute L.C.59 values indicates that it is 
quantitatively a more potent substance. For example, the L.C.s9 for seven-hour 
exposures to simpler aromatic compounds is in parts per million: benzene, 10,000; 
toluene, 5,000, and cumene, 2,000, while that of TTBT is approximately 180. A dis- 
turbing feature of the low concentration necessary to produce death in experimental 
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animals is that such concentrations, while relatively unpleasant, are tolerable to 
man and are easily reached in an atmosphere where TBT may be used in quantity. 

TBT is also apparently more toxic in its ability to damage visceral organs, to 
produce pulmonary irritation, and to cause destructive changes in the central ner- 
vous system. The tissue effects of this compound do not differ qualitatively from 
those of other aromatic compounds, with the possible exception of a severer type of 
damage to the nervous tissue. On reviewing the literature, we were surprised to 
find no reference to detailed studies of central nervous system lesions produced by 
benzene. Von Oettingen’s '* exhaustive report on chronic exposure of rats to tolu- 
ene vapors also made no reference to degenerative lesions in nervous tissue. At 
present, we are not convinced that the lesions noted are specific for TBT and 
assume that simpler aromatics also might produce these changes, since there have 
been clinical '* and experimental ?° reports on neurological disturbances following 
intoxication by benzene in man. The effect of TBT on bone marrow and circulating 
blood elements resembles that of xylene and toluene rather than benzene. Follow- 
ing single exposures, in occasional animals there was evidence of decreased numbers 
of erythrocytes and leucocytes in the peripheral blood, Also, in the repeatedly 
exposed animals of Group A there was evidence of an increase in the myeloid/ery- 
throid ratio, while in Group B the animals exposed for two, four, and seven hours 
to 50 ppm all exhibited leucopenia. Exposure of rabbits resulted in a significant 
decrease in erythrocytes. It is probable that the higher mammals will show more 
susceptibility to blood-damaging effects. 

Apparently the compound will present no hazard from skin absorption or contact, 
and in this way it resembles benzene rather than the nitrated hydrocarbons, which 
frequently cause systemic effects on skin absorption. According to the standard clas- 
sification of Hodge and Sterner,’® the acute toxicity of TBT may be described as 


follows: moderately toxic following exposure to vapors; slightly toxic following 
ingestion, and practically nontoxic following skin absorption. These studies indi- 
cate that aromatic compounds of higher molecular weight that those commonly 
encountered present a higher degree of toxicity than at present appreciated. 


Summary or Toxicity StuprEs 

The intragastric L.D.59 for male rats, mice, and rabbits, expressed in milliliters 
per kilogram, was 1.8 + 0.14, 0.9 + 0.06, and 2.0 + 0.14, respectively. 

The respiratory L.C.59 for rats exposed for one, two, four, and eight hours, 
expressed in parts per million, was 934 + 130, 734 + 92, 248 + 36, and 165 + 19, 
respectively, 

The percutaneous L.D.59 for rabbits was 19.6 (13.8 to 27.8) ml. per kilogram. 

Skin irritation tests showed TBT to be a mild rubefacient. The average eye 
irritation scores, according to Draize’s scale, were 9.33, 6.66, and 4.0 for 1, 24, 
and 72 hours respectively. 

Signs of acute intoxication were similar in all species of mammals studied and 
involved chiefly the respiratory and nervous systems. Pathologic changes were 
found in the brain, spinal cord, lungs, liver, and kidneys. 

Evidence of chronic toxicity, manifested chiefly by increase in the weight of 
liver and kidneys, was noted in animals repeatedly exposed to 25 and 50 ppm. 
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Il. SENSORY RESPONSE STUDIES 


Sensory response studies t were carried out on 12 subjects, 10 men and 2 
women. The majority of them were graduate students. The technique was, in 
general, similar to that previously described.’ Subjects were exposed in a room of 
8.5 cubic meters capacity on four occasions to different nominal air concentrations 
of from 5 to 160 ppm. The duration of exposure was five minutes. Time was 
allowed for recovery between exposures, and no subject was reexposed in less than 
30 minutes. 

The subjects were not informed of the concentration to which they were exposed 
or of the symptoms which might be elicited. They were asked, however, to record 
the time of onset of any subjective changes which they noted. A brief physical 
examination was given prior to exposure and immediately thereafter. 

Except for irritation of the nose and throat, the following responses were recog- 
nized by at least one subject at all concentrations: (1) olfactory recognition; (2) 
eye irritation; (3) olfactory agnosia; (4) nasal mucosal irritation, and (5) throat 


TasL_e 7.—Human Sensory Response to TBT Vapors 


Air No. of Subjects Responding and Time of Response, Min. and See. 
Coneen- Sub- “~~ 


tration, jects, Eye Nose Throat 

Ppm No. Recognition Agnosia Irritation Irritation Irritation Special Responses 
9 at once es x 
4 at once 
6 at once 
4 at once 
5 at once 
5 at once 
4 at once 


Metallic taste 


at once 2 at once Menthol taste 
Metallic taste 
Nausea 
Giddiness, 
increased 
breathing 


irritation. Special responses, such as nausea and metallic taste, were noted at 
concentrations of 20, 60, 80, and 160 ppm (Table 7). The degree of irritation 
was not classified, because responses were generally mild except for two cases of 
moderate eye irritation which occurred at 80 ppm. On subject at 160 ppm com- 
plained of giddiness and decreased respiratory effort, with increased expansion of 
the thorax. Olfactory recognition was immediate at as low as 5 ppm. Olfactory 
agnosia was not experienced by the majority of subjects. Except at the highest 
concentration, 160 ppm, there was no real discomfort on the part of any of the 
subjects. This is important in view of the relatively low concentrations at which 
TBT was found to produce evidence of toxicity in chronically exposed animals. 


Ill, INDUSTRIAL HEALTH ASPECTS 


TBT was first used in the Shell Development Laboratories as an experimental 
intermediate. When used on this scale by trained personnel in laboratories with 
adequate fume-hood facilities, no unusual difficulties were encountered. In transi- 
tion from the laboratory to the pilot-plant scale, increased quantities and volume 
handling make it desirable to assess more carefully the potential toxicity of a com- 


t Teukoe Karimoeddin, M.D., and J. Torrey, Ch.E., directed a course project in Industrial 
Toxicology in the School of Public Health of the University of California. 
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pound ; however, at this time the toxicity of TBT was estimated to be equivalent 
to that of xylene or toluene, and the safe-handling procedures which are used for 
dealing with these materials were thought to be satisfactory. 

In 1950, TBT was used in large quantities in experimental plants of the Shell 
Development Company as a wash liquor in processes involving the crystallization 
and centrifuging of solid materials. During the ensuing year, physical and labora- 
tory examinations of pilot-plant operators and maintenance men under the Health 
Conservation Program, together with complaints from the men themselves, indicated 
that the toxicity of the compound was probably greater than had been anticipated 
and that a more careful appraisal of its toxic qualities should be made. Accordingly, 
the toxicologic studies described in Section | of this paper were undertaken, and 
an industrial hygiene survey of the process was made. 


INDUSTRIAL HYGIENE SURVEY 

Synthesis of TBT.—Since large quantities of TBT were not commercially avail- 
able, the compound was manufactured in experimental plants of the Shell Devel- 
opment Company. The process consists of the alkylation of toluene with isobutylene 
to give tertiary-butyltoluene. The reactants are passed into a stripper to remove 
the excess toluene, and after fractionation a TBT heart cut is taken. 

Intermediate Storage —After manufacture and purification, the TBT is stored 
ina small tank farm. Pumping through a closed system tranfers the TBT to and 
from storage. 

Usage—The TBT is pumped from the tank farm to the operational site where 
crystallization takes place in two 500 gal. tanks. These tanks are located on the 
second deck of a two-deck working area. They are situated immediately above a 
Tolhurst centrifuge that is on a raised working platform. This provides access to 
the open bottom of the centrifuge for discharge of dried crystalline material into 
open-top drums. The tanks are directly connected by piping and valves to the 
centrifuge, so that the transfer of the slurry for spinning is essentially a closed 
operation fed by gravity. The manholes of the crystallizing tank are at present 
provided with a high rate of local exhaust to remove any vapors escaping from this 
source. The centrifuge is closed during the charging and spinning processes, and 
the escape of TBT vapors is thus confined to the open bottom of the centrifuge. 
During earlier operations, TBT vapors were noticeable at this point, but unfortu- 
nately air concentrations were not determined. Local exhaust has since been pro- 
vided, and air analyses indicate that present concentrations are less than 10 ppm 
under normal operating conditions. During the developmental phases of this 
operation, accidental exposure by spills and by contact with materials through 
leaks, particularly at pumps, occurred more frequently. Protective clothing is now 
furnished in all operations, and suitable rubber gloves and aprons are available at 
points of splash and leakage. 

The ventilating system which provides local exhaust at the manholes of the 
crystallizing tank and at the centrifuge housing and open bottom was installed 
primarily to combat the formation of flammable air-hydrocarbon mixtures. Rates 
of 744 ¢.f.m. for each manhole, 73 ¢.f.m. for centrifuge housing, and 1,620 c¢.f.m. 
at the open bottom are provided to dilute and discharge the flammable vapors 
released. These rates have been adequate to maintain an atmosphere concentration 
of TBT at 10 ppm or less during normal operations. 
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Conditions other than normal, such as spillage and improper operation of the 
exhaust system, have produced air concentrations as high as 136 ppm. A concen- 
tration of 350 ppm was found at the centrifuge opening, in the vicinity of the 
operator's breathing zone, when the centrifuge was hand-scraped for removal of 
the crystaline material spun from straight TBT wash. This operation is necessary 
with each batch of material that is centrifuged from a TBT reerystallization and 
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Chart 2—Absorption spectrum of 1-methyl-4-tertbutylbenzene. 


therefore warrants the provision of an air-line respirator for protection against the 
short-term exposure. Changes in procedure have made it possible to substitute 
the straight TBT wash and reduce this exposure measurably. 

Method of Determining Environmental Concentration -E-.xamination of the 
spectrum of TBT (Chart 2) suggested that ultraviolet spectrophotometry would 
provide a suitable method for evaluation of small quantities in air samples. In 
order to determine the sensitivity and accuracy of the method, experiments were 
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performed on synthetic samples, prepared by making dilute solutions of TBT in 
isooctane, which was found to be a suitable solvent for dissolving TBT vapors from 
the air. From this solution, and with the use of a micropipette, 0.1 ml. was 
inserted directly into a sample tube and allowed to stand until both the isodctane 
and the TBT had completely evaporated. Evaluation of these synthetic samples 
showed a recovery of 21.9 ppm from 23.1 ppm and 8.6 ppm from 9.1 ppm. 

All samples taken for evaluating atmospheric contamination and formulation 
of control measures were analyzed by ultraviolet absorption with the use of a Cary 
Recording Spectrometer. For low concentrations (10 ppm) the calculations were 
based on the total absorption at 2150 A. For high concentrations (100 ppm), the 
difference between the absorption at the peak at c. 2722 A. and the minimum at 
c. 2703 A is employed.§ 


Sampling Methods.—Grab samples were collected in evacuated glass bulbs. 
Before the sensitivity of the method had been established, a 5 liter bulb was used. 
Subsequently, only 1 liter samples were collected, since it was possible to detect 
concentrations as low as 2 ppm in this volume of air sample. In order to protect 
the person collecting the samples, it was found desirable to tape all glass vessels 
heavily to protect against the possibility of flying glass fragments from implosion 
of the evacuated vessel. 

Protective Clothing and Equipment.—An analysis of the operation from the 
production of the TBT to its final use as a wash liquor showed that the following 
protective devices were required: 


1. Eye protection in the form of a face shield and safety glasses during the use of sulfuric 
acid in the alkylation process. Other protective clothing, such as heavy rubber gauntlets and 


rubber apron and boots, was used during maximum exposure to concentrated sulfuric acid. 

2. Since the operation was essentially enclosed, the need for personal protective equipment, 
other than that which is normal for the general working area (safety hat, wool clothing for 
protection against fire and spillage of corrosive materials, safety glasses to protect against minimal 
or unrecognized eye hazards), was confined to hand protection while scraping the centrifuge and 
respiratory protection during abnormal conditions. Always available for chemical plant workers 
are emergency showers, fire blankets, eye and face showers, respiratory protection (both self- 
contained and canister-type), and fire extinguishers. 


HEALTH CONSERVATION SURVEY 

About 56,000 operator man-hours are assignable to the handling of TBT over 
a five-year period. Among the 50 persons exposed during the past three years, 
only the operators directly assigned to the process had more than minimal oppor- 
tunity for contact. Review of the health records of 33 of these operators has shown 
that 8 have volunteered specific complaints of symptoms referable to TBT expo- 
sure, such as nasal irritation, nausea, malaise, headache, and weakness. 

Objective findings in this group have been referable to the cardiovascular sys- 
tem, the central nervous system, and the skin. Eight persons presented a cardio- 
vascular syndrome characterized by decreased blood pressure, increased pulse rate, 
and failure to respond to the Master’s test in a satisfactory manner. Four persons 
showed tremor and anxiety, and in two there was evidence of a chemical irrita- 
tion from contact with TRT (Table 8). 


§ D. D. Tunnicliff and H. McConnell, of the Spectroscopic Department, Shell Development 
Company, participated in the development of this method. 
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Laboratory findings have shown evidence of peripheral blood changes. There 
have been decreased hemoglobin values in 8 persons and decreased erythrocyte 
count in 2; a leucopenia in 7; abnormal differential counts characterized by eosino- 
philia in 13; prolonged clotting time in 5, and an elevated icterus index in 2. None 
of these disturbances has persisted on removal from exposure, and none is con- 
sidered to be serious. The lowest hemoglobin value obtained was 78%. There 
were no findings indicative of abnormal kidney function. Evaluation of these clin- 
ical and laboratory findings led us to conclude that a low-grade intoxication had 
followed exposure to low concentrations of p-tertiary-butyltoluene. 

Following appraisal of these clinical findings in exposed persons and after 
reviewing the results of toxicity studies in rodents, we have concluded that TBT 
should not continually exceed concentrations of 10 ppm in the industrial environ- 
ment. Exposures to higher concentrations for shorter periods may produce altera- 
tions in normal physiology of a temporary nature. 


TasL_e 8—Summary of Deviations from the Normal Noted in Health Conservation Program 


Laboratory Findings 

Sub- Altered - 

jective Physiology Bleed- Clot- 

No. Differ- ing ting 

Classification Exposed plaints Hb RBC WBC ential Time Time 

Maintenance men 

Professional men 


2 
1 


* OV = Cardiovascular. 
t CNS = Central nervous system. 


CONCLUSION 


On the basis of our studies in rodents, we would classify TBT, following single 
exposures, as slightly toxic on ingestion, moderately toxic on inhalation, and prac- 
tically nontoxic on skin exposures. TBT produces depression of the central nervous 
system and irritation of the pulmonary tract as its chief acute toxic effect in ani- 
mals, while on repeated exposures liver and kidney changes are evident. The 
effects on the blood resemble those of benzene rather than of toluene; however, 
they are not as constant or as severe. Of considerable interest are the degenerative 
lesions in the spinal cord and brain, produced in experimental animals at relatively 
low concentrations. 

Sensory response studies on human volunteers indicate that the compound is 
readily recognized at concentrations as low as 5 ppm but is not especially unpleas- 
ant at 80 ppm. 

A low-grade transient intoxication was noted in some men during pilot-scale 
production of TBT. Signs and symptoms were chiefly referable to the cardiovas- 
cular, hemopoietic, and central nervous systems. Present safe-handling procedures 
are described. We recommend a maximum allowable concentration of 10 ppm 
for TBT. 
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Special Reports 


INTERIM REPORT ON AIR POLLUTION 
HIS PUBLICATION * represents a progress report by a committee of 
experts ¢ appointed to study the nature, cause, and effects of air pollution and 
to make appropriate recommendations for control. The report is concerned prin- 
cipally with the type of air pollution which is caused by the combustion of fuels 
and which resulted in the December, 1952, smog episode in London. 

The report is divided into two parts. Part I represents an outline of the entire 
problem, with recommendations for immediate action. The main sources of air 
pollution are stated to be smoke from incomplete combustion of fuel, oxides of sulfur 
from combustion of sulfur-bearing fuels, dust, and grit. Smog is created when these 
constituents combine with natural fog. Sulfuric acid formed from sulfur in the fuels 
can cause serious damage to buildings and metal structures, while smoke and oxides 
of sulfur attack vegetation. 

There is evidence that the harmful effects of oxides of sulfur on humans is 
increased by the presence of smoke ; consequently, in dealing with the problem of 
air pollution the elimination of smoke is a prime consideration. It is estimated 
that domestic chimneys emit about the same quantity of smoke as industrial stacks. 

In foggy seasons there generally exists a haze of smoke over densely populated 
residential districts which may, under certain meteorological conditions, develop 
into unhealthful smog. 

The operation of motor vehicles, railroads, and ships adds to the pollution. 
Industrial sources of pollution are related principally to inefficient combustion of fuel. 

Recommendations for immediate action to prevent further episodes are sug- 
gested: (1) fog warnings by the Meteorological Office ; (2) domestic use of smoke- 
less fuels in densely populated areas; (3) a program of public information and 
education ; (4) more numerous and frequent air sampling and analysis during severe 
smog, and (5) more efficient stoking methods and better equipment. 

Part IL includes a more detailed report of the underlying physical, chemical, 
and economic factors in air pollution. One hundred sixty cooperating bodies make 
monthly measurements of smoke, sulfur dioxide, and deposited matter. More daily 
reporting is needed. 

“The smog which covered greater London on the five days, 5th to 9th December, 
1952, was of exceptional density and duration, although similar conditions may recur 
in London or in other towns. The London smog was accompanied by an immediate 
and sudden rise in both illness and mortality. The number of deaths over and above 
those normally expected in the first three weeks of December indicate that some 
4,000 people died as a result of the smog. Deaths from bronchitis increased about 
nine times during the week ending 13th December, and from pneumonia by nearly 
four times.” Hospital admissions rose sharply during this period, the increase 
being due principally to respiratory disease and heart disease. 


The report states that there is “a clear correlation between the pollution by 
smoke and sulfur dioxide and the daily death rate in greater London at that time.” 
This is shown in the following chart, adapted from the report. 


* Ministry of Fuel and Power, Her Majesty's Stationery Office, London S.E.1., England, 
1953. 


+ Committee on Air Pollution, Minister of Housing and Local Government, and others. 
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Of further interest is the fact that the death rate in Greater London continued 
at an abnormally high rate for two and one-half months following the smog. 

An extensive review of existing legislative provisions pertaining to control of 
smoke and air pollution is given. “The measures which have been or are now being 
taken to tackle the problem of pollution may be summarized briefly : 

“1. The conversion of bituminous coal into coke, gas and electricity. 

“2. The use of smokeless fuel for domestic purposes in place of bituminous coal. 

“3. The replacement of old-fashioned domestic grates by improved appliances in 
which smokeless solid fuels, and if necessary bituminous coal, can be burnt with 
appreciably greater efficiency. 
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Correlation between air pollution and daily death rate in greater London during the smog 
episode of December, 1952. 


“4, The extension, where economic, of central or district heating, whereby blocks 
or groups of buildings are heated from a single smokelessly fired boiler. 

“5. The promotion of greater fuel efficiency in industry, both by more competent 
use of existing equipment and by the modernization of present equipment or the 
installation of new equipment where it is needed. 

“6, The use of efficient grit-arresting plant for furnaces fired by pulverized fuel 
or operated by forced draft. 

“7. The cleaning of coal at the coal fields in order to remove shale and some of 
the sulfur compounds. 

“8, Research and development work on practicable methods of removing sulfur 
dioxide from the flue gases of power stations and other large boiler plants.” 


A. T. Rossano Jr., Boston. 
246 


o7s 

\ 


AIR POLLUTION AND THE LONDON FOG OF DECEMBER, 1952 


MPROVEMENTS in industrial power plants, according to this paper * by 

E. T. Wilkins, M.Sc., Ph.D.,7 are far ahead of those in domestic heaters. Wilkins 
estimates that, per ton of coal burned, domestic fires in Britain produce two or 
three times as much smoke as industrial furnaces. He estimates also that domes- 
tic fires ordinarily cause about 40% of the smoke, while in winter they cause at 
least 60%. 

“Smog incidents during the last eighty years which led to seriously increased 
mortality were reported to be dated as follows :—9th to 11th December, 1873; 26th 
to 29th January, 1880; 28th to 30th December, 1892; 26th November to Ist Decem- 
ber, 1948; 5th to 9th December, 1952. On the basis of the number of foggy spells 
during 1941 to 1946 it is evident that during eighty years the number of occasions 
when persistent fog lasted more than three days must have been nearer thirty than 
five. This raises the question whether this fortunately low incidence ratio is due to 
meteorological differences, or to gross differences in the emissions of toxic sub- 
stances, or to both.” 

Wilkins emphasizes the extreme dirtiness, the wetness, and the low visibility 
during the December, 1952, fog. He includes a map of the London area with visi- 
bility at various distances shown as contours, varying from visibility of less than 
22 yd. (20 m.) to less than 440 yd. (400 m.). Another pair of maps show the geo- 
graphic distribution of both SOQ. and smoke. In nonsmog weather the pollution 
zones are displaced slightly northward of the Thames, and in the great fog, with 
virtually no wind, maximum pollution was found in the Thames basin. 

“It has been shown earlier in this paper that, in those towns where instruments 
were in operation, pollution levels in early December, 1952, were generally well 
above the normal. From a study of the mortality figures for the one hundred and 
sixty other great towns (population 15,000,000) by the same method as was used 
for studying the London figures, it appears that the number of deaths during weeks 
Nos. 24-35 of 1952-3 was about 15 per cent higher than the corresponding period of 
the previous year, whereas the number of deaths during the remaining forty weeks 
of the two periods differed by only 5 per cent. 

“It has been established in this investigation and others that the concentrations 
of sulphur dioxide and smoke in the atmosphere tend to increase and decrease 
together. On the assumption that there was a similar relationship between sulphur 
dioxide and other pollutants it has been estimated that the concentrations of carbon 
monoxide, carbon dioxide, and possibly sulphuric acid (although the evidence here 
is very conjectural) may each have approached or reached values at which slight 
physiological effects are said to occur.” 


* Advance copy of paper presented at a sessional meeting of the Royal Sanitary Institute, 
London, Nov. 11, 1953. 


+ Officer-in-charge, Atmospheric Pollution Section of the Fuel Research Station of the 
Department of Scientific and Industrial Research, London. 
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Two of Wilkins’ comments are of special interest to us: 


“(i) Sulphur trioxide, and the sulphuric acid mist which is formed from it by 
the absorption of water from the atmosphere, occur both as a result of direct emis- 
sions from some fuel-burning installations and by the subsequent oxidation of 
sulphur dioxide in the atmosphere. This latter reaction is probably more pronounced 
during conditions of fog because of the longer period of retention and the presence 
of liquid water droplets; it also proceeds more quickly in the presence of certain 
catalysts which may consist of oxides of nitrogen or certain types of particles, both 
of which may be discharged by modern high-temperature coal-fired furnaces. Small 
amounts of ozone produced by electrostatic dust-collecting installations may also 
promote the oxidation of sulphur dioxides. Modernization may thus involve an 
increasing pollution of the air by sulphuric acid mist both normally and during smog. 

“(ii) Many Londoners commented on the exceptionally sticky or tarry nature 
of the grime which settled from the smog. During the last year or two a type of 
domestic open-fire, which is designed to stay alight all night, has come into extensive 
and increasing use. Some of these fires are regularly banked-up with coal when the 
householder goes to bed so that some smoke and distillation products are emitted 
to the atmosphere during the night when the type of grate which most of them have 
replaced would not be alight. Tests at the Fuel Research Station have shown that 
under comparable conditions both types of grate produce about the same amount of 
smoke, so that on a twenty-four hourly basis the all-night-burning grate produces 
the more smoke. Furthermore, this additional smoke is produced at night when the 
meteorological conditions leading to fog formation are more prone to occur. 

“Enquiries have indicated that the number of all-night-burning open fires in 


operation at night during the winter of 1952 was small. However, their popularity 
seems to be maintained and their numbers are increasing so that any effect which 


they may have had in the past, even though it may have been small, may increase in 
the future.” 


Puttie Drinker, Boston. 
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THIRD INTERNATIONAL CONFERENCE OF EXPERTS ON 
PNEUMOCONIOSIS, SYDNEY, AUSTRALIA, 1950 


T IS A regrettable fact that the Proceedings* of this important Conference, 

admirably edited, are not generally available and cannot be bought from the 
International Labor Office at present, although there is nothing in any way secret 
in them. From the table of contents of the two volumes we list the technical papers 
which appear in the Proceedings. 


Pneumoconiosis in Norway—A. Bruusgaard 

Silicosis in Sweden—S. Forssman 

Pneumoconiosis in the Coalmines of the North and the Pas-de-Calais—J. Leclercq 
Pneumoconiosis in the Netherlands—P. A. van Luyt 

Pneumoconiosis: Recent Problems in Great Britain—J. C. MeVittie 


Pneumoconiosis in Western Australian Goldfields: An Outline on the Work of the Com- 
monwealth Health Laboratory, Kalgoorlie—K. G. Outhred 


An Investigation into the Incidence of Pneumoconiosis in New South Wales Coalminers and 
Its Relation to Dust Exposure at Selected Collieries—G. C. Smith and H. M. Whaite 
The Prevention of Occupational Pneumoconiosis in Belgium—A. Uytdenhoef 
Silicosis in British Columbia—C. H. Vrooman 
The Etiology and Pathogenesis of Pneumoconiosis—E. L. Middleton 
Problems in Pneumoconiology—A. J. Vorwald 
Assessment of Functional Capacity in Silicosis—J. Frost and J. Georg 
A Contribution to the Study of the Pathophysiology of Silicosis—P. H. Rossier 
Radiological Classification of Cases of Silicosis—R. Even 
Draft Classification of Radiographs of Miners’ Silicosis—C. E. Gernez-Rieux 
Contribution of Tomography to the Radiological Study of Silicosis—C. E. Gernez-Rieux 
The Radiological Diagnosis of Silicosis—S. W. Verster 
The Classification of Dusts Which Cause Pulmonary Disability—L. Greenburg 
Research on Industrial Dust in the Netherlands—F. Groeneveld and F. Hartogensis 
Analytical Requirements for Appraisal of Dust Exposures—T. F. Hatch 
The Prevention of Silicosis and Other Forms of Pneumoconiosis 
I. Review of Legislation 


II. Texts of Laws and Regulations 


Inhibitory Action of Aluminum on Quartz in Experimental Silicosis—E. J. King, S. C. Ray, 
and C. V. Harrison 


The Medical Examination System of the Joint Coal Board (New South Wales)—W. E. 
George 


The Control of Coalminers’ Pneumoconiosis by Means of Periodical X-Ray Examinations— 
C. M. Fletcher 


Dust Suppression in the Southern Coalfield, New South Wales—A. W. Bate 


* Published in two volumes by the International Labour Office, Geneva, Switzerland, 1953. 
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The Construction of Cabins and Boxes for the Treatment of Objects by Sandblasting— 
H. ’t Hart 


Underground Dust Control by Electrostatic Precipitation—G. Hildick-Smith 


Summary of Advances Made in Dust Investigation and Suppression Between 1939 and 
1949—A. J. Orenstein 


Compensation for Silicosis, Asbestosis, and Other Forms of Pneumoconiosis 
I. Review of Legislation 
Il. Texts of Laws and Regulations 

Silicosis: Method of Examination and Schedule of Disability—R. Even 


Determination of Disability and Standards of Compensation in Pneumoconiosis 
Rehabilitation of Pneumoconiotics 


We quote in full the summary report of the Conference as it appears in the 
Proceedings. This is followed by the classification of roentgenograms, as set forth 
in the Appendix. 

REPORT OF THE CONFERENCE 

1. The Conference was held in Sydney, Australia, from February 28 to March 
10, 1950. It was attended by experts from Australia, Canada, Denmark, France, 
Italy, the United Kingdom, New Zealand, Norway, Sweden, Switzerland, the 
United States of America, and the Union of South Africa. There was a delegation of 
two members of the Governing Body, Mr. F. J. R. Gibson (personal substitute for 
Mr. W. Gemmill) and Mr. A. E. Monk. In addition, five experts, Dr. W. E. George, 
Prof. C. E. Gernez-Rieux, Dr, E. L. Middleton, Dr. A. J. Orenstein, and Dr. A. J. 
Vorwald, appointed by the International Labour Office in accordance with the 
decision of the Governing Body designed to ensure that the agenda were ade- 
quately covered, attended the Conference. 

2. The Commonwealth Minister of Labour and National Service, Mr. Harold 


Holt, and the Commonwealth Minister of Health, Sir Earle Page, addressed the 
Conference at the opening meeting. 


3. The agenda of the Conference, as determined by the Governing Body of the 
International Labour Office, were as follows: 


Present stage of knowledge of pathogenesis, clinical aspects, and diagnosis of 
pneumoconiosis 


Present stage of preventive measures (medical and social measures, mechanical 
and technical measures ) 

Exchange of views on the possibility of defining minimum international stand- 
ards of compensation for disability caused by pneumoconiosis 

4. The Conference unanimously elected as chairman Dr. W. E. George, as 
vice-chairmen Dr. L. Greenburg and Dr. A. J. Orenstein, and as reporters Dr. 
G. R. Davison and Dr. R. Even. 

5. While in a wide sense the term “pneumoconiosis” connoted any condition of 
the lungs resulting from the inhalation of dust that might or might not be of clinical 


significance, for the purpose of the International Labour Organization the Confer- 
ence accepted the following definition : 


Pneumoconiosis is a diagnosable disease of the lungs produced by the inhalation of dust, the 
term “dust” being understood to refer to particulate matter in the solid phase, but excluding liv- 
ing organisms. 
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Moreover, the Conference deprecated the further extension of terms, beyond 
those already in common use, and suggested that for the future the terminology of 
pneumoconiosis should take the form of naming the dust to which the worker is 
exposed or, alternatively, the industry or process concerned. 


6. The Conference considered the reports received concerning the incidence and 


varieties of pneumoconiosis in various countries. A number of members took part 
in the exchange of views. 


7. A highly interesting discussion took place on the subject of recent advances 
in knowledge of the pathogenesis and pathology of (a) the pneumoconioses in gen- 
eral, (b) silicosis, (¢) pneumoconiosis in coal miners, and (d) other pneumoconi- 
oses. None of the current concepts of the way in which dusts act on the lungs in 
producing the disease “pneumoconiosis” was fully acceptable to the Conference. 
It was felt that there is still much need for research in this field. The Conference, 
therefore, while recognizing the valuable advances already made, urged that inten- 
sive studies be continued and extended. The acquisition of such knowledge was 
essential for the furtherance of effective methods for prevention and treatment. The 
influence of the size of dust particles in the production of pneumoconiosis was under- 
going constant study. In general terms it could be stated that in the case of fibrous 
dusts, such as asbestos and certain vegetable dusts, the larger sizes appear to be the 
more harmful, whereas in the case of many mineral dusts the smaller sizes seem to 


be the most injurious. The lower size limits of injurious particles had not yet been 
determined. 


8. There was no conclusive evidence before the Conference that the inhalation 
of aluminum in any form prevents the development of silicosis in man. There was 
no evidence before the Conference that aluminum powder is of value as a therapeu- 
tic agent in human silicosis or that it is harmful when used for this purpose. There 
was some evidence that under certain conditions the inhalation of aluminum in 
industrial processes may be harmful; further, there was experimental evidence that 
in animals the inhalation of aluminum dust aggravates pulmonary tuberculosis. 


9. The Conference recognized that infection, especially by tubercle bacilli, aggra- 
vated and is aggravated by pneumoconiosis and accordingly drew attention to the 


importance of excluding tuberculosis cases from dusty occupations and to the value 
of good hygiene and nutrition. 


10. A lively discussion, during which various physiological tests were described, 
showed that there is no physiological or laboratory test or tests which, in their pres- 
ent stage of development, can be adopted for routine initial and periodical examina- 
tion of large numbers of workers. It was agreed that the essential criteria for such 
procedures should be as follows: (1) The tests must measure disability; (2) the 
error of estimate must not exceed acceptable limits; (3) they must be objective; 
(4) the results obtained on normal subjects at all ages must be well established as 
control standards, and (5) they must not require an undue amount of time. Before 
even these minimal criteria could be met, special research directed to this problem 
both in the laboratory and in the field was necessary. 


251 


/ 
|__| 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


11. After hearing various contributions on the early diagnosis of pneumoconiosis 


and differential diagnosis, the following conclusions were reached by the Con- 
ference : 


In the diagnosis of pneumoconiosis, che history and conditions of exposure to 
harmful dust, the clinical examination, and the roentgenographic findings are each 
of importance. The diagnosis of pneumoconiosis must not rest solely on the roent- 
genogram. 

With regard to the roentgenological investigations of pneumoconiosis, as an ini- 
tial step the classification of roentgenograms should be in the manner set out in the 
Appendix, provided however, that it is clearly understood that this classification is 
one which deals with roentgenographic appearances only and cannot be used for any 
other purposes, such as the assessment of clinical conditions or disability. It is not 
sufficiently exhaustive to be applicable to all forms of pneumoconiosis. 

The Conference noted that pneumoconiosis may be simple in its nature or may 
be complicated by infection and that if so complicated, particularly by tuberculosis, 
it becomes a much more serious condition. 

12. An exchange of views and experiences took place on pulmonary conditions 
related to pneumoconiosis and on concomitant diseases, but it was felt that the exist- 
ing data did not lend themselves to the reaching of definite conclusions. The Confer- 
ence, however, recognized that not all pulmonary abnormalities occurring in workers 
in dusty occupations are necessarily attributable to the dust. 

13. The Conference stressed the fact that appearances on a roentgenogram in 
the case of pneumoconiosis are not necessarily related to the severity of the disease. 

14. The Conference reached the conclusion that there is no evidence that pul- 
monary cancer is commoner among persons exposed to silica dust and coal dust than 
among the general population. 

15. The Conference recorded its opinion that the quantity and kind of dust found 
post mortem in lungs could not be accepted as a criterion in estimating the presence 
or degree of pneumoconiosis. It also expressed the view that the absence of acid-fast 
organisms in the sputum could not alone be regarded as conclusive evidence of the 
absence of pulmonary tuberculosis in the worker suffering from pneumoconiosis. In 
some cases tubercle bacilli had not been found in the sputum even after culture and 
inoculation methods. In such cases, however, the existence of the bacilli might be 
demonstrated by more intensive investigations, involving, for example, bronchial or 
gastric lavage, etc. 

16. After hearing several valuable contributions on the subject of industrial dust 
in relation to dust investigation, the Conference agreed that an analysis of material 
from which dust is derived does not of necessity represent the composition of the 
dust inhaled in an industrial process and, further, that it is important in dust 
studies to determine the distribution of dust particles by composition and by size. 
It was agreed that while, generally speaking, mineral dusts—with the exception of 
asbestos—exceeding 5 mw in size are of minor importance, the lower limit of the size 
of particles causing pneumoconiosis has not yet been determined. 


17. In regard to dust suppression and control it was agreed that the protection 
of the worker against harmful dust exposure may include one or more of the follow- 
ing: (1) abolition of the process creating harmful dust ; (2) substitution of harmless 
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material in certain processes where dangerous material is being used; (3) suppres- 
sion of dust at the source; (4) removal of dust as near as possible to the point of 
origin; (5) reduction of the concentration of the dust by ventilation ; (6) removal of 
dust from the air by wetting; (7) electrostatic precipitation, and (&) personal 
respiratory protection of the worker. 

18. The Conference reaffirmed the opinion expressed at previous Conferences 
that the main efforts in prevention should be directed toward dust suppression and 
control and that personal respiratory protective devices should be used only where 


the former could not be satisfactorily applied or as ancillary to dust-suppression 
measures. 


19. It was agreed that sandblasting with siliceous abrasives is highly dangerous. 
Some experts considered that the use of siliceous abrasives in sandblasting was 
so dangerous that it should be prohibited and nonsiliceous abrasives substituted. 
Others, however, were of the opinion that experience had proved that siliceous 
material could be used with safety if effective protection was provided. 

20. Finally, the opinion was expressed that there are now known methods of 
dust suppression and control which, if fully applied and maintained, would protect 
the worker against hazardous exposure. The Conference therefore recommended 
that every effort should be made to apply these methods. 

21. The Conference recommended that the International Labour Office should 


take steps to inquire into the possibility of controlling the grain dust associated 
with the handling of cereal cargoes. 


22. The Conference agreed that the attention of governments, public utility 


corporations, local authorities, and contractors should be called to the occurrence 
of silicosis following relatively short exposure to dust in civil-engineering under- 
takings, such as tunneling, excavations, etc. 

23. With regard to preemployment and periodical medical examinations, the 
experience gained in various countries was described. Attention was drawn to the 
requirements of the examination and the need for technical competence of the exam- 
iners. It was emphasized that such examinations are necessary in order to prevent 
physically unsuitable workers from entering an industry with a dust hazard and to 
assess the pathogenic effect of dust exposures in relation to the period of exposure, 
the concentration, and the composition of the dust; and that such details should 
be available to the examiner. The desirability of such examinations, including a 
roentgenogram of the lungs of technically satisfactory standard, was underlined. 

24. A proposal was made to the effect that in communities where there are 
pneumoconiosis-producing industries there should be cooperation between such 
industries and the health authorities in the general campaign against tuberculosis. 

25. The Conference agreed that in the assessment of disability the three same 
factors should be taken into account as in the diagnosis of pneumoconiosis, viz., 
the history of exposure to harmful dust, the clinical examination, and the roent- 
genographic findings. The assessment of the degree of disability must be left in 
each case to the best judgment of the examiner. The Conference agreed that the 
relative importance of each factor varies from case to case and that it is at present 
quite impossible to lay down generally acceptable standards for assessment of disa- 
bility in pneumoconiosis. 
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26. The meaning of the term “pneumoconiosis” having been defined, it was 
decided that no further elaboration was necessary ; each country should define the 
conditions for compensation, which should be such as to ensure that any worker 
suffering from pneumoconiosis shall receive compensation, regardless of the time 
that has elapsed since he was exposed to dust. 


27. The term “diagnosable” incorporated in the definition indicated the presence 
of signs or symptoms, but not always loss of function. 

28. The Conference agreed that where pneumoconiosis increased disability due 
to other diseases or to age the compensation accorded should take account of this. 

29. The Conference considered the experience in several countries with reha- 
bilitation of workers suffering from pneumoconiosis. It was agreed that when a 
worker suffering from pneumoconiosis had to leave his accustomed employment 
every endeavor should be made to place him immediately in, or train him for, suit- 
able alternative employment, which should not reduce his standard of living. The 


provision of such alternative employment should not prejudice the amount of his 
compensation. 


30. The Conference unanimously adopted a proposal by United Kingdom mem- 
bers for the holding of a subsequent Conference at an early date to consider the 


prevention of pneumoconiosis from the point of view of the engineer, the physicist, 
and the chemist. 


31. A United States member proposed—and the Conference adopted the pro- 
posal without opposition—that the Office should prepare a directory of workers in 
the field of pneumoconiosis for the use of interested persons. 

32. The Conference emphasized the importance of the technical reports sub- 
mitted to it and the discussions which took place concerning them. These dealt 
with the incidence, pathology, signs and symptoms, and methods of diagnosis of 
pneumoconiosis. They also dealt with the various means adopted to protect workers 
exposed to the hazard of pneumoconiosis, as well as with curative and rehabilitation 
measures. Films, lantern slides, and other relevant material were demonstrated 
during the Conference. 

33. The Conference agreed that it was impossible to summarize the extensive 
and valuable material brought before the Conference, most of which was of imme- 
diate value to those concerned with the study of pneumoconiosis and also to those 
charged with the framing of legislation and the administration of relative laws and 
regulations, and therefore recommended that the papers presented to the Confer- 
ence and the stenographic record of the proceedings be published and widely circu- 
lated as early as possible. 


APPENDIX 


SUGGESTED INTERNATIONAL SCHEME FOR THE CLASSIFICATION OF ROENTGENOGRAMS 


IN SOME OF THE PNEUMOCONIOSES 
Introduction 
1. This classification is proposed for the purpose of promoting clarity and mutual 
understanding among scientists concerned with the study of pneumoconiosis. It 
has no relation to the legal definition of stages of pneumoconiosis for compensation. 
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Principles 


2. The classification concerns only those common and well-recognized kinds ‘of 
pneumoconiosis which give rise to the appearance of bilateral, discrete, more or 
less circular opacities in roentgenograms of the chest, e. g., silicosis, coal workers’ 
pneumoconiosis, ete. 


3. At present the classification is based solely on roentgenographic appearances, 
such as may be seen in a full-sized P. A. or A. P. chest roentgenogram of a satis- 
factory technical standard. It is not intended to define pathological entities. 


4. No interpretation other than pneumoconiosis is to be admitted; secondary 
conditions, such as emphysema, pneumothorax, pneumonia, ete., are to be sep- 
arately described if present. 


5. No reference is to be made to such variations in roentgenographic appear- 
ances as may be seen in persons without pneumoconiosis. All such appearances, 
in the absence of other disease, are to be classified as “within normal limits.” It is 
recognized that appearances such as those which have been described as “‘exaggera- 
tion of linear markings,” “generalized arborization,” etc., may be of clinical impor- 
tance in certain industries, but their significance appears too uncertain for them to 
be included in a classification of roentgenographic appearances of pneumoconiosis. 


” 466 


6. Terms such as “initial,” “terminal,” “progressive,” and “infective,” which 
suggest a definite process of development or a definite pathogenesis, should not be 
used in describing a roentgenogram. 

7. Descriptive terms applicable to various types of roentgenographic pattern, 
such as “small or large mottling,” “pinhead,” “micronodular,” “nodular,” “cobweb,” 
“angel wings,” “pseudotumoral,” etc., may have a colloquial descriptive value, but 
they are not necessary and should not be included in the basic classification. In 
particular, the word “reticulation” should never be used. 


” 66 


Classification 


8. A major subdivision is recognized between films showing only small, more 
or less circular, discrete, disseminated opacities and those showing coalescent or 
massive shadows. Although it may be convenient to use the phrases “simple pneu- 
moconiosis” and “complicated pneumoconiosis” to describe these two major divi- 
sions, the simplicity of the one and the presence of any special complicating 
condition in the other are open to too much doubt to permit the use of these 
terms. Thus, there are two major classes of film: (1) pneumoconiosis with dis- 
crete opacities; (2) pneumoconiosis with coalescent or massive shadows. 

Within each of these two major subdivisions it is necessary to have subdivisions 
or categories representing increasing degrees of abnormality. 

9, In pneumoconiosis with discrete opacities, three main categories are pro- 
posed. The inaccuracies of roentgenographic classification are too great to permit 
the use of a greater number. A fourth category is suggested for those cases in 
which the discrete opacities are of a character that does not enable them to be 
included in any of the three main categories. The three main categories are to 
be referred to by the numbers 1, 2, and 3; the miscellaneous group, by the letter x. 

10. In pneumoconiosis with coalescent or massive shadows, the subdivisions 
are made on the basis of the extent and density of the coalescent or massive shadows. 
An extra subdivision is made for those cases in which gross distortion of the bron- 
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chial tree and pulmonary parenchyma has occurred. These subdivisions are to be 
referred to by the capital letters A, B, C, and D. In these cases it is unnecessary 
to refer to the category of the pneumoconiosis upon which massive fibrosis is super- 
imposed. 

11. The limits of the categories are to be defined in two ways: (1) by verbal 
definitions, as given below; (2) by standard reference films, as described under 
“General Observations.” 

12. The classification proposed is the following : 

Category 
0 Roentgenograms Within Normal Limits 
Pneumoconiosis with Discrete Opacities 
In these roentgenograms, a small number of opacities may be 
seen in at least two anterior rib spaces extending over not more 
than half of the medial two-thirds of the lung fields 


In these roentgenograms, opacities extend over more than half 
of the medial two-thirds of the lung fields but are sparse or absent 
in the lateral third 


In these roentgenograms, profuse opacities extend over the 
whole of both lung fields, including the lateral third, although 
they may be sparse or absent above the clavicles 

Roentgenograms with discrete opacities whose appearance does 
not accord with any of the preceding categories 


In cases where there is an uneven distribution of the opacities in different areas 
of the lung fields, the category is determined by the most advanced abnormality that 
is present over at least half of a lung field. 


Category 
Pneumoconiosis with Coalescent or Massive Shadows 


A In these films, opacities more than 1 cm. in diameter may be 
seen in one or more areas, commonly coalescing but not constitut- 
ing a massive shadow of even intensity 


In these films, one or more massive shadows are present, 
extending over less than the equivalent of three anterior rib spaces 
on either side 


In these films, large massive shadows of uniform density 
extend over the equivalent of three or more anterior rib spaces on 
either side 


In these roentgenograms, one or more massive shadows are 
present associated with gross distortion of the pulmonary anatomy. 
The massive shadows may of themselves be such as would be 
classified as A, B, or C in the absence of such distortion 
General Observations 

13. Roentgenographic technique should be of the highest standard. The pene- 
tration should be such that the outline of the vertebral column, but not the inter- 
vertebral discs, may be distinguished through the heart shadow. 

14. Roentgenograms should be coded simply by giving the appropriate number 
and letter. Descriptive terms may be used at the convenience of individual observers 
to qualify any category. This allows for reference to the size of opacities if this is 
considered important: e. g., 2-“macronodulation” ; 2-“micronodulation” ; 3-“pin- 
head”; 3-“nodular.” 
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In roentgenograms with coalescent or massive shadows, the appropriate num- 
bers for the associated discrete opacities may also be given in parentheses: e. g., 
(2) B, (3) A, ete. 

Additional interpretation may similarly be added: e. g., (3) A-pneumothorax 
R. lung. 

15. To assist in consistent classification, it is suggested that standard reference 
roentgenograms exemplifying the categories should be held by some central inter- 
national organization, such as the International Labour Office. Good reproductions 
of these films should be made for distribution to those wishing to use the classifi- 
cation. 

In addition, sets of roentgenograms derived from cases of the commoner kinds 
of pneumoconiosis might be classified according to the scheme by a committee of 
experts and be held by the same central organization. Observers in various coun- 
tries might then check their use of the scheme by seeing if their classification of 
these films agreed with that of the committee of experts. 


Puitip Drinker, Boston. 
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General 


InpustRIAL HyGiene FounpaTION: EIGHTEENTH ANNUAL MEETING. Indust. Hyg. Digest 
17: Nov., 1953. 


The following papers were presented at the 18th Annual Meeting of the Industrial Hygiene 
Foundation: Foundation Facts, by Andrew Fletcher ; The Role of Government in the Employer- 
Employee Relationship, by V. P. Ahearn; Industrial Noise—A National Problem, by H. D. 
Sayer; Socio-Economic Aspects of Alcoholism, by Elizabeth D. Whitney; Problems of Human 
Relations in the Industries: As They Affect Labor, by E. O. Mohn; Responsibilities of Manage- 
ment, by Rear Adm. F. J. Bell (ret.); As Influenced by Extramural Activities, by Dr. G. W. 


Weber, and Need for Research, by Dr. H. S. Kaltenborn; Annual Absenteeism Report, by 
Dr. W. M. Gafafer. 


EMPLOYMENT OF HANDICAPPED WoRKERS IN INDUSTRY. Kurt JANSSON, Internat. Labour 
Rey. 68:135 (Aug.) 1953. 


In spite of the progress made in promoting job opportunities for impaired workers, much 
remains to be done in educating employers, the trade unions, and the general public regarding 
the abilities of handicapped workers. It is not sufficient to obtain endorsement in principle from 
employers’ associations and trade unions. Management, foremen, industrial physicians, and 
placement personnel, as well as fellow workers, must be brought to an understanding of the 
potentialities of the impaired workers and their place as members of the productive labor force. 
Any prograrh in public education must be based on the fact that handicapped workers properly 
trained and placed are as good employees as the so-called able-bodied. The idea of identifying 
general physical fitness with working capacity must gradually give way to a concept of abilities 
in relation to the demands of the job. If this is generally recognized and if adequate rehabilita- 
tion services are available and effective placement techniques employed, the impaired workers 
will cease to be regarded as vocationally speaking a “second class” category of citizens and will 


become an integral part of the man-power source from which industry draws its productive 
labor. From THE AutTHoR’s CONCLUSIONS. 


Physiology and Nutrition 


FaTIGUE—MEASUREMENT AND Repuction, Lucien Brouna, Indust. Med. 22:547 (Dec.) 
1953. 


The unmeasurable factors which cause stress and fatigue in industry, such as emotional 
stimuli, boredom, social adjustment, etc., are certainly more numerous than those which can be 
measured. In spite of our ignorance of the quantitative importance of these imponderables, 
certain physical factors which lead to fatigue have been measured and their importance 
evaluated. As a result we know that industrial fatigue can be reduced. First, the environmental 
conditions can be improved to the best possible level. Second, machines and tools can be 
designed for maximum efficiency, with minimum physiological stress. Third, the workers 
can be chosen on the basis of their physiological fitness for the given job, and their work can 
be organized to produce minimal fatigue. The accomplishment of these objectives requires the 
collaboration of the physiologist, engineer, management, and labor. 

Such a cooperative endeavor has been carried on for the last eight years by the Aluminum 
Company of Canada, It has resulted in improving the working conditions in numerous jobs, 
thus reducing fatigue and creating higher efficiency and morale in the plants. 


From THE AuTHOR’s SUMMARY. 
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PuysioLocicat Basis oF Rest Pauses 1n Heavy Work. E. A. MULver, Quart. J. Exper. 
Physiol. 38: 205, 1953. 


Miller points Out that in muscular work contraction is always followed by relaxation. He 
explains the physiological meaning of this alteration and shows that the greater the blood flow 
through a muscle during contraction and relaxation, the better can recovery follow fatigue. 
The lifelong endurance of cardiac and respiratory muscles shows that relaxation time itself 
can be sufficient for a complete recovery in uninterrupted rhythmic muscular activity. Heart 
rate and respiratory movements are regulated automatically, but in voluntary muscular activity, 
such as walking, an equilibrium between fatigue and recovery can be achieved equally well. 
Walking is a natural activity. In modern industry, however, a worker very often has to 
perform for eight hours daily muscular movements which are very different. So, in industrial 
work, it is necessary to ensure that recovery keeps pace with fatigue. 

Without touching his reserves, a man can spend 4 kg.-Cal. per minute for hours. This 
value is his endurance limit (E.L.). If for a given task more energy is needed, the reserves 
have to be drawn upon. These reserves can be used in a few seconds or in many minutes. 
If the reserves are spent in 12 seconds, as in sprinting 100 yd. (91 m.), the metabolic rate goes 
up to a level during those 12 seconds of about 120 kg.-Cal. per minute. On the other hand, 
for 24 minutes the rate of the E.L. can only be doubled. If the reserves are exhausted, part 
of the constant income of available energy has to be directed to refill them. This picture of 
the energy supply during heavy work was explained by A. V. Hill and collaborators in 1924. 

An expenditure of 4 kg.-Cal. per minute is equivalent to 2,000 kg.-Cal. in an eight-hour 
shift. That is about the heaviest work that is found nowadays in industry. About 1 workman 
in 25 performs work as heavy as that. 

The author made measurements on energy expenditures and shows that there are two 
methods of approach to the problem of finding the right length and number of pauses in heavy 
work, One method, rough and reliable only in rather heavy work, is to take 4 kg.-Cal. per 
minute as an over-all limit of working capacity and give enough pauses to keep the average 
energy expenditure of the whole shift on this level. The other method takes the pulse rate as 
an index of sufficient blood supply to all muscles, and a sufficient blood supply to the working 
muscles is the principal necessity in avoiding fatigue. This method aims at keeping the pulse 
rate during the shift at a constant average level and at preventing any kind of a pulse debt. 


The second method has proved useful in arranging pauses so as to allow a man to work within 
his endurance limit. 


BLoop VoLuME AND TotaL AMOUNT OF HEMOGLOBIN IN “HEATWORKERS.” 
Arbeitsphysiologie 15:99, 1953. 


Other investigators have established that exposure to a hot environment produces a rise 
in blood volume. During the first few days of such exposure the blood volume increases only 
by dilution and later by an increase in the amount of plasma protein. It was also found that an 
unacclimatized man can increase his total circulating blood volume by 10% within two to four 


hours of exposure to heat and that a long exposure produces a greater increase in blood volume 
than a short one. 


A. LINDHOLM, 


There has been some discussion whether the total hemoglobin as well as the plasma protein 
is increased. An investigation was carried out at the steel mills in Nykroppa. The total amount 
of hemoglobin and the blood volume in workmen acclimatized to heat was compared with the 
values obtained in subjects working in a colder environment. 

Studies were made on 40 workmen with different degrees of heat exposure. The 18 subjects 
of Group 1 were exposed to the heat of the furnaces or the glowing steel practically throughout 
their workday. The 13 men of Group 2 worked at open-hearth furnaces, and their direct 
exposure to great heat was not longer than from one to two hours. 
Group 3 worked in environments where they were not exposed to heat. 

There were no statistically significant differences in the total amount of hemoglobin or blood 
volume per kilogram of body weight in the workers exposed to great heat than in those who 
were not so exposed. These results confirmed those previously obtained by American 
investigators and were also very similar to those obtained on Copenhagen students in good 


training. Thus it appears that exposure to heat does not increase the total amount of hemo- 
globin in well-trained subjects. 


The nine subjects of 
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Occupational Diseases and Hazards 


PaPiLLOMA OF THE BLADDER IN THE CHEMICAL INDUSTRY—A Stupy oF Its Cause AND 
PREVENTION. Association of British Cemical Manufacturers, London, 1953. 

This publication, intended for laymen, describes the £25,000 research project sponsored by 
the Dyestuffs Group of the Association of British Chemical Manufacturers. The principal 
interest in the origin of bladder papillomas led to the laboratory and statistical studies of the 
respective roles of alpha-naphthylamine, beta-naphthylamine, and benzidine as causal agents. 
The investigation was conducted at the Chester Beatty Research Institute of the Royal Cancer 
Hospital by R. A. M. Case, Research Fellow, assisted by Misses Hosker, McDonald, and 
Pearson; the chemical research phase was carried on by Dr. D. B. Clayson under the direction 
of Prof. Passey and Dr. Bouser. 

The Industrial Field Survey included a compilation of data from over 30 years of experience 
with bladder tumors. The data were obtained from employers’ records, hospital case histories, 
death certificates, and coroners’ reports. The contributing firms provided a list of all workers 
ever employed by them for six months or longer in contact with aniline. 

Analysis was based on study of death certificates of men in England and Wales between 
1920 and 1950 in which tumor of the bladder was mentioned as a cause of death; it was con- 
cluded that the probability of death from tumor of the bladder is about 30 times greater for 
persons in the group exposed to the suspected agents under consideration than for those of 
the same age groups otherwise employed. Onset of the disease occurred at an earlier age in 
the workers affected than in the general population. Careful analysis of component groups 
further showed that, while the risk of “mixed exposure” to alpha-naphthylamine, beta-naphthyl- 
amine, and benzidine is about 33 times that of the population at large, the risk associated with 
exposure to alpha-naphthylamine is 16 times that of the general population, the risk with 
benzidine is 19 times, and the risk with beta-naphthylamine is 61 times that of the population 
at large. Workers exposed in the manufacture of magenta and auramine also show a statistically 
significant excess of reported bladder tumor deaths. 

In order to facilitate future follow-up studies, arrangements have been made with the 
Ministry of Labor and National Service to maintain continuity of the assembled records, with 
help from the industries. 

The Laboratory investigations showed that the development of comparable tumors in various 
animal species requires a long induction period usually measured in years. 

A quantitative survey was made of the urinary metabolites of beta-naphthylamine. Of these 
the most important are the conjugates of 2-amino-l-naphthol. The work suggests a rough 
correlation between the amounts of 2-amino-l-naphthol derivatives excreted and the tumor 
“susceptibility.” 

A number of steps have been taken in the chemical industry to minimize the risk of exposure, 
to develop chemical and medical methods for regular determination as to whether exposure is 
adequately being controlled, and to control and cure the disease if contracted. These steps are 
described under the headings of (a) Improved Process and Plant Design; (b) Working and 
Protective Clothing, Baths, etc.; (c) Records and Selection of Personnel; (d) Detection of 
Dangerous Concentrations of Carcinogens, and (¢) Medical Care. 

The results of the five years’ combined effort were freely placed before the Ministry of 
Pensions and National Insurance, and it is on this basis that papilloma of the bladder can be 
effectively prescribed under the National Insurance (Industrial Injuries) Act. 

Although the original five-year investigation has come to an end, there is no intention of 
relaxing vigilance. The subscribing members have agreed to use the Association of British 
Chemical Manufacturers as a focus for continuing exchange of experience and knowledge on the 


industrial and scientific aspects of this problem. S MD. Beste 


OccupaTIONAL LunG DAMAGE IN Surps’ Reparrers. L. Dunner, M. S. Hicks, and D. J. 
T. BaGnatt, Brit. J. Radiol. 26:590 (Nov.) 1953. 


Of 31 men between the ages of 41 and 73 years, calling themselves by the abbreviated 
misleading term of boilermakers but carrying out the repair of ships as riveters, holders-up, 
rivet-heaters, burners, platers, and calkers, with clinical signs such as cough, stained sputum, 
dyspnea, and chest pain, 24 showed definite roentgenologic changes in their lungs and 7 did not. 
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In dislodging and burning ships’ plates and rivets, dust and fumes arising from various 
materials with which the plates were lined were inhaled by the repairers who had to work in 
confined spaces. Roofing felt and bitumastic, a hard asphaltic compound with which the 
ships’ plates were line¢, were found to include 56% of total silica and 30% of free silica. In 
addition, there was the dust, consisting mainly of iron compounds, created by chipping scale 
from plates and rivets. 

The roentgenologic lesions noted in the 24 men were as follows: (1) increased lung striations 
only; (2) more pronounced lung reticulation combined with nodulation; (3) pronounced 
irregular fibrosis without any other apparent lesions; (4) a combination of reticulation, irregular 
fibrosis, and nodules of varying size, and (5) emphysema. These lesions were or were not 
accompanied by significant clinical signs or symptoms of incapacity. Until pathological evidence 
is available in such cases, one must refer to these lesions as lung damage but not as pneumo- 
coniosis or silicosis. It should be noted, however, that analysis of the various dusts inhaled 
by these men revealed the presence of both free silica and iron compounds. 

Of the seven men without definite roentgenologic changes, some had few clinical signs or 
symptoms, while others had severe symptoms, predominantly dyspnea. In the two men of this 
latter group who died, postmortem examination revealed extensive emphysema and _ slight 
pneumoconiosis. As the men were exposed to such a variety of fumes and dusts during their 
work, only experimental work can be expected to elucidate the responsible factors. 


PaTHOLOGICAL ANATOMY OF SIMPLE PNEUMOCONIOSIS IN CoaL Workers. A. G. 
Heppveston, J. Path. & Bact. 66:235 (July) 1953. 


Simple pneumoconiosis in coal workers is characterized by numerous small, discrete aggre- 
gations of dust in which only a little fibrosis occurs and in association with which a focal type 
of emphysema frequently develops. In attempting to elucidate the causation of this peculiar 
type of emphysema, it became evident that the dust lesion is a more complex structure than at 
first appeared. The anatomy of the respiratory portion of the bronchial tree and the structure 
of the dust lesion which characterizes simple pneumoconiosis in coal workers were investigated 
by means of the serial-section technique. 

Studies were made on the lungs of 40 coal workers and on 14 persons who had had no 
industrial exposure to dust. It was found that the simple dust lesion of coal workers takes the 
form of a sheath of dust cells, enmeshed in fine fibrous tissue, surrounding the respiratory 
bronchioles. The proximal limit of this sheath is regularly in the region of the division of 
the terminal bronchioles, but distally the dust investment extends for a variable distance up to 
the division of the final order of respiratory bronchioles, depending on the degree of dust accu- 
mulation. The early lesion of coal workers closely resembles the dust focus often found in normal 
lungs. In mature dust lesions the ensheathed bronchioles dilate, and this is known as focal 
emphysema. No evidence was found that focal emphysema results from a proximal obstruction 
of the air passages by dust fibrosis. On the contrary, simple narrowing of a terminal bronchiole 
induces neither dilatation nor collapse of distal segments of the airway. Generalized vesicular 
emphysema is distinct from focal emphysema. It is characterized by dilatation of alveolar ducts, 
atria, and alveolar sacs. Rupture of alveolar walls does not occur, but in the formation of 
bullae localized areas of lung tissue are destroyed. The focal and the generalized varieties of 
emphysema may coexist. Small tension cysts of the lung, unlike focal emphysema, result from 
a valvular type of obstruction to expiration. 

The anatomical findings show that dyspnea in simple pneumoconiosis is due to an increase 
of the dead space in the dilated respiratory bronchioles. There is thus a functional obstruction 
to gaseous exchange but no anatomical obstruction in the air passages. 


HEALTH Hazarp oF LIMESTONE AND GypsuM Usep FoR STONE DustiInG 1n Coat MINEs. 
A. J. Bear, O. G. Grirrin, and G. Nacetscumipt, Ministry of Fuel and Power, Safety 


in Mines Research Establishment, Research Report 72, Her Majesty's Stationery Office, 
1953. 


The use of shales for stone dusting has been discontinued as a possible contributing factor in 
silicosis, and limestone and gypsum have been substituted. Quartz content of limestone was 
determined by chemical and x-ray analysis on total samples and on respirable fractions less than 
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10 ». In the total samples, 26 had less than 3% quartz, 3 had between 3 and 20% quartz, and 
1, probably sent in error, had over 60% quartz. Separation and analysis of fractions below 
10 » for six of the samples indicated that four had quartz content lower than the total sample, 
one was equal, and one was considerably higher (3.9% total vs. 9.3% in respirable fraction). 
It is concluded that there may be a silicosis risk arising from the use of impure limestone. 
Quality control is suggested to limit the quartz content to less than 3% as a reasonable pre- 
caution. 


Five gypsum samples had quartz contents varying from 0.6 to 1.4%. 


CuHarves Boston. 


EPIDEMIOLOGY oF PNEUMONIA” ON THE KoLar GOLp G. E. Frencu, Proc. 
Soc, Stud. Indust. Med. §:19-28 (March) 1953. 


An investigation is presented to ascertain the causation of an excess of acute bronchitis and 
pneumonia among workers on the Kolar Gold Field, in the Mysore state of India. A number 
of possible contributory factors are considered. Compared with rural or urban people in other 
parts of South India, those on this gold field are well housed and fed, although the standard 
for both is decidedly low. The dust hazard presents an interesting problem; the dust is not 
associated with any significant degree of fibrosis or with any interference with pulmonary 
function. If, however, active or quiescent tuberculosis is present, an advancing fibrotic reaction 
develops which may shorten the expectation of life. Examinations under the Mysore Silicosis 
Rules have revealed an absence of signs and symptoms of upper and lower respiratory tract 
infection. Indeed, any relation of dust to pneumonia is indefinite. The dust alone does not seem 
to be harmful. Nevertheless, an incidence of pneumoconiosis among underground workers on 
the gold field may be assumed to be in the region of 4%, while the incidence of pneumonia was 
half this figure. When atmospheric humidity was studied, it was found that a definite rise in 
the weekly incidence of pneumonia occurred at the onset of dry weather; absolute humidity 
seemed to be beneficial. This factor may depend upon the transmission of air-borne micro- 
organisms. 


The enquiry suggests that among a group of workers with a pneumonia rate 15 times as high 
as in a nonhazardous industry in a temperate climate the working and living conditions are 
mainly responsible. The response to treatment has been rapid, with temperature returning to 
normal by the third day in 67% of the cases. E. L. Conus (Butt. Hye.]. 


Luncs or Arc R. Pornso, P. Rouyer, and G. Jouve, Arch. mal. profess. 
14:479, 1953. 


A characteristic lung condition was noted in French welders working with electric-arc 
equipment in closed tanks or cisterns. The vapor created by the welding rose at first from 
the heat of combustion but later fell, entirely surrounding the welders who were protected by 
only eyeshields. 

The authors observed that in the 16 cases reported (15 of the patients being seen by them 
and 1 by a colleague) there were virtually no clinical symptoms, outside of a slight irritation 
of the bronchi and a tendency toward coughing and expectoration. Tuberculization was excep- 
tional. Examination of the sputum revealed a large number of macrophages containing fine 
granules of iron oxide. 

Roentgenography revealed three types of affected lungs: (1) those with hili and inferior 
fasciculation—the authors found this condition in nine cases and consider it the first stage of 
“welder’s lung” ; (2) those showing a hiloreticular, granite-like picture, with micronodules in 
the lower third—this condition was found in four cases, and (3) those having irregularly 
distributed nodules which were most numerous in the perihilar region—this is the so-called 
“welder’s miliary” and was found in three cases. 

This disease may be described as a hemosiderosis of exogenous origin occurring in certain 
electric-arc welders, presumably in those who for some reason are not able to eliminate the 
extra iron. Impairment of liver function by alcohol is a strong probability in many of these 
cases. It should be emphasized that this condition is not clinically serious and also that suitable 
precautions have already been taken for its prevention among French welders. 
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OsTEOARTHROPATHY To WorK IN CAISsSONS WitH CoMPRESSED Arr. P, RAvautt, P. 
Merer, L. Rocue, and G. RayNneau, Rev. rhum. 20:587 (Aug.-Sept.) 1953. 


A particular type of osteoarthrepathy, attacking only the upper extremity of the humerus 
and/or the femur, has been found to occur in persons working under water in pressurized 
Ccaissons, or, in rare cases, in diving suits, at pressures of 1.5 kg. or more. This barotraumatic 
condition presents the clinical picture of a chronic arthritis, with pain, anklyosis, muscular 
atrophy, and neurologic disorders localized in the roots. The lesions are primarily of the bones, 
with secondary invasion of the joints. The femoral and humeral extremities undergo decal- 
cification and bony condensation, resulting in considerable deformities. The patients are regu- 
larly under 40 years of age and often under 30. Diagnosis of the condition is easy, the only 
possibility of confusion being with coxitis. The evolution of the disease is extremely variable, 
however, and the treatment problematic. A symptomatic treatment is the only one possible; 
none tried so far has afforded particularly good results. The notion of work in compressed air 
as a causal factor in this osteoarthropathy is a vital one that requires further explanation, 
especially in view of the fact that the disease has appeared after periods of time ranging from 
four hours to 35 years of underwater work. There is frequently a period of dormancy between 
cessation of this type of work and the onset of disturbances which may exceed 10 years. In 
order to prevent this condition, care should be taken to avoid the quick changes in air pressure 
that cause so-called “decompression accidents” during exit from the caisson. 


In Favor oF Mass AupioMetry IN INDUSTRIAL Mepicine. G. Pancuert and G. MANCIOLI, 
Rass. med. indust. 21:335-343 (Sept.-Oct.) 1952. 


Occupational deafness often has an insidious onset and is characterized by impaired hearing 
of high-pitched sounds. It is not limited to noisy occupations (boilermakers, turners, etc) but 
may be associated with such other occupational factors as toxicity, humidity, abrupt changes 
of temperature and of atmospheric pressure. It is both economic and humanitarian to detect 
impairment of hearing at an early stage and to treat it by appropriate measures. 


Mass audiometry enables those with any impairment of hearing to be picked out from any 


group and to be further examined and suitably dealt with. The Americans have developed 
this mass method of examination in the medical inspection of schoolchildren, and the authors 
of this paper have adapted the “Massachusetts Hearing Test” (M.H.T.) for use in industrial 
medicine. The original and modified forms, which each subject completes by underlining “yes” 
and “no” to each sound for each ear tested, are shown, and the layout and equipment of the 
audiometry room at the accident centers are illustrated. In some cases the test has been carried 
out at the works, usually in the medical welfare department where the necessary set-up has been 
extemporized. There are advantages and disadvantages, which the authors point out, in each 
of these two alternatives. 

The paper gives the results of a few preliminary surveys, aggregating 359 workers in all, 
175 of whom were in noisy jobs; about 62% of the latter showed impaired hearing to high- 
pitched sounds. Young emigrants gave a comparative rate of 9.5%, and metallurgical workers 
(presumably in a nonnoisy factory) showed a rate of nearly 15%. 


J. Cavent Hye.]. 


Smicosts Due to State IN Liguria. V. D'Onorrto, Rass. med. indust. 21:344-346 (Sept.- 
Oct.) 1952. 


An investigation has been made into working conditions, together with a medical examination 
of the majority of the workers, in the slate industry in Liguria which employs a labor force of 
about 450. The mines are situated between Genoa and Sestri Levante, and the present survey 
covered 46 undertakings, located in the Fontanabuona Valley and employing 333 workers, 
including those aboveground, the mines themselves being underground. This slate has been 
used in the building industry since long ago. The mineral has been shown by chemical exami- 
nation and by the radiospectrograph to have a comparatively low content of quartz, from 
2.81 to 8.6%. There has also been found at times a moderate proportion of SiO, (silica) in an 
amorphous form, believed to be due to decomposition of shells of radiolaria. The dust raised 
shows a considerable proportion—90%—of small particles measuring 1 to 10 4. 
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The survey was carried out in the spring and summer of 1952. It included the study of the 
environmental and other working conditions, the radioscopic and clinical examination of all the 
workers, and x-ray photographs of all who showed suspicious signs or symptoms of chest 
involvement. 

Thirty-nine subjects were found to have a light degree of reticulation, 29 were so affected 
in a more advanced degree, 32 had reached the nodular stage, and in 4 others confluent 
conditions had set in. Miners and factory workers, the latter employed on sawing and planing 
the material, generally begin to show signs and symptoms after 10 to 15 years at this trade. 
The nodular stage is reached after about 20 years of exposure. Those employed in making small 
slates have shown no case of silicosis, but this manufacture is a relatively recent development 
and the workers here are young and do not usually remain at the job for more than a year or so. 

Subjectively, there were complaints of some little morning cough, with scanty expectoration, 
some chest pain, and in more advanced cases, especially in miners, there was moderate breath- 
lessness on exertion. 

The records for 1948-1951, referring to retired workers, showed 18 with silicosis and 7 
with silicotuberculosis, of whom 3 had died. 

Among preventive measures, this report advises more mechanization of the mining under- 
ground and dust-extracting fittings to the sawing and planing equipment. 


J. Hye.]. 


Skin Complaints 1N Caisson Workers. G. Farris and U. Sicca, Rass. med. indust. 21:350 
(Sept.-Oct.) 1952. 


This paper deals with skin conditions which have been studied in a total of 492 subjects 
in the course of a total of 730 caisson sinkings made in connection with the foundations of a 
large industrial undertaking. The work had been going on for about one year. The sinkings 
went down as deep as 22 meters. 

Compression raised the temperature in the caisson “bell” up to 3 to 5 C. in winter and 
8 to 10 C. in summer. The relative humidity inside the “bell” was 80 to 90%, and 100% in 
the [? outside] caisson. Decompression reduced the “bell” temperature by an average of 3 to 
4 C. in summer and 7 to 10 C. in winter. The compressed air which is pumped in carries 
considerable particles of suspended oil droplets in spite of filtration. 

Some of the skin conditions are associated with changes in the physicochemical balance of 
the tissue and blood gases and include pruritis, discolored patches, a scarlatiniform rash, and 
subcutaneous emphysema. Practically all caisson workers suffer from these complaints from 
time to time. Those with fragile blood vessels may also show petechial and purpuric conditions. 


In addition, the conditions of caisson working entail sweating and epidermal maceration in 
the skin folds and may produce sudamina and dermatitis of a pyogenic or a mycotic form. 


Preventive measures should aim at facilitating personal hygiene, improving environmental 
conditions of the work, the strict control of the duration of decompression, and initial and 
frequent medical inspections. J. Cavent [Bute. Hye.]. 


PNEUMOCONIOSIS FROM GRAPHITE AND CARBORUNDUM. J. R. RUttNer, P. Bovet, and M. 
AUFDERMAUR, Deutsche med. Wehnschr. 77:1413-1415 (Nov. 7) 1952. 


The paper describes a case of pneumoconiosis found in a man who had worked for more than 
20 years in the milling and bagging plant of a factory making synthetic graphite and carbor- 
undum, X-rays taken during the last four years of the man’s life showed first a soft, widely 
disseminated nodulation and later confluent masses. Silicosis of Stage 2 or 3 had been diag- 
nosed three years before death. Postmortem findings are described. They are similar to those 
found in silicoanthracosis, with much collagenous fibrosis. Analysis of the lung dust and of 
the air-borne dust at the factory showed the complete absence of quartz in both. There was 
much graphite and little carborundum in the lung dust. Intraperitoneal tests on animals to be 
described elsewhere showed that collagenous fibrosis can be caused by carborundum and graphite 


dusts. G. NaGcetscumipt Hy6e.]. 
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Aseptic Necrosis OF Bone 1n Carsson Disease. Jons. SL@RDAHL, Tidsskr. norske 
legefor. 73:300 (April 15) 1953. 


The author describes some cases of typical bone necrosis in caput femoris and caput humeri 
and the late disabling effect due to secondary arthrosis. Compulsory health cortrol of divers 
and better organized pressure-chamber service are recommended. (Reviewer:—This has been 
worked out recently in an official proposal by a committee appointed by the Ministry of Labor.) 


Arne BruuscGaarp, Oslo, Norway. 


Industrial Toxicology 


Errect or ON THE Deposition oF Liver GLYCOGEN IN THE Rat. 
J. M. Barnes, Biochem. J. 64:148-153 (April) 1953. 


The observation that repeated daily doses (20 mg. per kilogram) of dinitro-o-cresol (DNOC) 
administered to rats resulted in the packing of liver cells with glycogen has been further investi- 
gated. Groups of rats kept under different feeding regimens and under starvation were treated 
with single and repeated daily doses of DNOC. Liver glycogen fell initially but then rose 
progressively. This was very marked 24 hours after administration of DNOC when the liver 
glycogen was much higher than in the controls. ID.NOC does not appear to affect the absorption 
of glucose through the intestine or the normal deposition of liver glycogen in the fasting rat. 
Blood lactic acid levels were unaffected. In view of the influence of the adrenals on carbo- 
hydrate metabolism, the weights of these glands were determined after successive daily adminis- 
trations of DNOC. The adrenals of male rats receiving DNOC were significantly higher than 
the controls; this was not so with female rats. D. G. Harvey (Bute. Hye.]. 


EXPERIMENTAL RESEARCH INTO THE TOXxiIciITy OF Dust oF FLuorspar. A. Poricarp and 
A. Covvet, Arch. mal. Profess. 14:117-122, 1953. 


Dust from fluorspar has been recognized as causing acute silicosis, but fluorspar occurs as 
veins in a matrix of quartz, so the harm might be due to the quartz. Nevertheless, the ion of 
fiuorine is known to be toxic. In the research now reported, dust, with most of its particles 
less than 5 # in size, was prepared by crushing (a) natural fluorspar with less than 1% quartz, 
(b) fluorspar with 2 to 6% quartz, (c) crystals of fluorspar picked by hand with only minute 
traces of quartz, (d) calcium fluoride prepared in the laboratory, with less than 0.35% of silicon, 
and (¢) a mixture with different amounts of calcium fluoride and pure quartz, These various 
dusts were suspended in isotonic saline solution and injected peritoneally. Their toxicity was 
measured by their capacity to set up a fibrotic reaction, estimated by the appearance in one or 
two months of more or less fibrous miliary nodules on the epiploon. The reaction of the lymph 
nodes was also noted. 


The results obtained are summarized in a table, and the appearances microscopically are 
exhibited in four figures. They show that natural fluorspar or synthetic calcium fluoride, with 
only minute traces of silicon, in one or two months can set up a more intense fibrosis than 
quartz, i. e., that the toxicity of fluorspar is at least as important as that of quartz. At the 
same time the reactions in the lymph nodes were much less than the reactions due to quartz 
and rather different, being less fibrotic. The possible chemical changes in these reactions are 
discussed, without any certain conclusions. FE. L. Conus (Butt. Hye.) 


EczEMA OF HAIRDRESSERS CAUSED BY THIOGLYCERIN IN PERMANENT WAVING BY THE 
Cop Process. E. Gasser, Schweiz. med. Wehnschr. 83:448-450 (May 9) 1953. 


Monothioglycerin is a constituent of certain preparations used in the cold permanent hair- 
waving process, which were first introduced in Switzerland in June, 1952. Other preparations 
have contained thioglycolic acid. These two compounds act through their keratolytic action. 
The chemistry and use of these substances are described, and reference is made to the literature, 
some of which states that thioglycerin has a very high sensitizing action on the skin both of man 
and animals, although it is not directly toxic. 
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Experiments on 32 persons who had been in contact with thioglycerin and were suffering 
from eczema in various stages or had had eczema showed that more than 80% gave a positive 
“patch test” with thioglycerin and only about 12% a positive test with thioglycolic acid. Similar 
“patch tests” on 14 other sufferers from eczema who had had no contact with thioglycerin were 
all negative. Some case histories of eczema in hairdressers using thicglycerin are given. No 
cases of this eczema in customers who have been exposed to thioglycerin have as yet come to 
light. 


It is considered to be desirable that thioglycerin should no longer be used for hair waving 
in Switzerland. M. FE. DeLvaFie_p [BuLt. Hy6c.]. 


Fatat PorsontnG RESULTING FROM UsE or HyprocuLoric Acip IN CONFINED SPACE 
(WeLL). E. Tureve, Zentralbl. Arbeitsmed. u. Arbeitsschutz 3:146 (Sept.) 1953. 


The case reported by Thiele again demonstrates the great dangers which threaten when 
acids are used for chemical cleansing in wells and other confined spaces. A suction pipe between 
the well and the cooling system in a brewery was to be cleaned with a substance which was 
a 30% solution of hydrochloric acid. The suction pipe (diameter, 4 in. [610 cm.]; length, 100 
meters) had been filled with 350 liters of this hydrochloric acid solution. After this cleansing 
fluid had acted for about 30 minutes, the fluid was withdrawn by the bucketful at the well end 
of the suction pipe. The well was 8 meters in depth and had a diameter of 2 meters. The 
sludge had been removed from the well previously, and the water had again reached the 2 meter 
level. The cleansing hydrochloric acid solution was removed by a man standing on a ladder 
about 3 meters below the top of the wall. The only opening in the concrete lining of the well 
measured 90 by 65 cm. The buckets, into which the hydrochloric acid solution was collected 
from the pipe line, were drawn up by means of a cable drum. The man ascended the ladder 
behind the buckets in order to get some fresh air. He collapsed while sitting at the edge of 
the well and fell in. His co-workers immediately brought him up again, and he regained 
consciousness when exposed to the fresh air, but after a physician arrived about two hours later, 
he was at once transported to the hospital where he died soon afterward. Necropsy revealed 
that death was due to massive pulmonary edema. There were indications that the acid solution 
had probably emitted vapors. 


Environmental Conditions 


Arr Controt 1n Los ANGELES. GorDoN P. Larson, Mod. Sanitation 5:23 
(July) 1953. 


This article discusses the problem of air pollution in Los Angeles and what is being done 
in an effort to solve the problem. The principal constituents of the Los Angeles smog mixture 
are listed as dusts, smoke, condensed fumes, oil mists, peroxides, aldehydes, organic acids, 
sulfur dioxide, oxides of nitrogen, and certain hydrocarbons. 

Control efforts have been highly gratifying in almost all cases. More than 600 tons of air 
pollutants each day are now being withheld. Sulfur dioxide has been reduced by 360 tons 
a day (50% reduction), and gasoline vapors from refineries have been reduced by 100 tons a day. 
The number of days of intense smog has decreased, although increased expansion of the industrial 
area will pose further problems. 

The need for basic research in the field of air pollution in regard to zoning, combustion, 
physiological effects, etc. is stressed. Increased populations, technological changes, and the use 
of new products generate new community problems before the old ones are solved. 


Mary O. Amour, Boston. 


CHEMICAL KERATOCONJUNCTIVITIS IN THE ARTIFICIAL SILK INDUSTRY IN Saxony. J. 
Karscu, Klin. Monatsbl. Augenh. 123:440, 1953. 


As an ophthalmologist in a large artificial silk factory, Karsch had the opportunity to observe 
an eye disease which the workers in this factory designated as “spinner’s eye.” It occurred almost 
exclusively in the spinning rooms. The disorder, which is medically known as chemical kerato- 
conjunctivitis, as a rule began with sensations of pressure and with burning and piercing pains 
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in the eyes. Gradually photophobia and lacrimation developed. As an indication of involve- 
ment of the cornea, color rings or areas appeared around lights. During the day these persons 
had the sensation of looking through a veil or being in a fog. The annoying symptoms became 
more evident when the workers came in contact with the outside air, and sometimes the symp- 
toms appeared only in the morning. Examination revealed lesious of various degrees of severity. 
Some workers had severe irritation of the conjunctiva and others only very slight irritation. 
There were band-shaped epithelial defects and swellings in the palpebral fissure in some cases, 
and in other cases there was only a slight swelling of the epithelium which assumed the form 
of a grayish turbidity or stippling. The pupil was somewhat contracted, but this miosis was 
the result of corneal irritation, since the iris itself was not irritated. The eyeground was 
unchanged. Sensitivity of the cornea, which was not tested in all cases, was reduced. 

Clinical observations indicated that this chemical keratoconjunctivitis was caused by hydrogen 
sulfide, since similar eye changes have been observed in other industries using this chemical. 
It was probable that carbon disulfide favored the harmful effects of hydrogen sulfide, since the 
former has a drying effect and thereby influences the threshold of concentration. Prevention 
of chemical keratoconjunctivitis was mostly a problem of suitable ventilation of the spinning 
rooms and machines. The contributing role of carbon disulfide was proved by the fact that 
when warmer air from the washing rooms, which was saturated with carbon disulfide, was 
led into the spinning rooms the incidence of the eye disorder increased. 


Ear Protection spy “Giass-Fiper Down.” Sv. Quist-HANssEN and GeorG Ex, Tidsskr. 
norske legefor. 73:84, 1953. 


The protective effect of the Swedish-produced “glass-fiber down” was tested and was found 
to give reasonably good ear protection in the case of noise up to a 110 to 115 db. strength, 


especially high-frequency noise. Arne Bruvuscaarp, Oslo, Norway. 


Determination of Air-Borne Contaminants 


Partic_e-Size DistrrpuTion HyGroscopic G. R. University of 
Illinois, Engineering Experimental Station, Technical Report 9 (SO-1010), May 1, 1953. 


The high-velocity cascade impactor is shown to be a convenient device for determining the 
particle-size distribution of hygroscopic aerosols in the micron and submicron range in both 
laboratory and field work. A method is presented for obtaining the particle-number concentra- 
tion of an aerosol by means of the cascade impactor if the particle-size distribution can be 
described by the logarithmic probability function. Data are presented showing the effect of the 
conditions of formation, especially the addition of foreign nuclei, on the particle-size distribution 
of typical hygroscopic aerosols. Evidence was offered that particles rapidly attain equilibrium 
with their surroundings. If the number concentration was greater than 1 % 10° particles per 


cubic centimeter, the particles continued to grow by coagulation. Mecsmen Ses. Aner 


Dispersion oF Dust Deposits sy Brasts or Arr: Part I. J. G. Dawes and A. H. A. 
Wynn, Ministry of Fuel and Power, Safety in Mines Research Establishment, Research 
Report 46, July, 1952. 


The dust-explosion hazard depends upon the quality and dispersability by explosion blast 
of coal dust under different mining conditions. The efficacy of stone-dusting procedures depends 
upon the relative dispersability of the coal dust and stone dust. 

The diverse factors influencing the dispersability of coal-dust and stone-dust deposits may 
best be investigated in a wind tunnel. 

An explosion barrier, in order to be safe, must operate at a velocity of the air blast deter- 
mined by the velocity necessary to erode coal dust in sufficient quantity to form an explosive 
mixture. The air-blast velocity necessary to operate a barrier is one measure of the degree of 
safety it provides. From tHe Autuors’ Concrusions. 
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Dispersion or Dust Deposits By Biasts or Arr: Part Il. J. G. Dawes, Ministry of 
Fuel and Power, Safety in Mines Research Establishment, Research Report 49, Nov., 1952. 


Experiments on the conditions in the wind tunnel used to investigate the dispersion of dust 
deposits are described. The results of these experiments are used, together with data previously 
published (Dawes, 1952), to test a theory of dispersion. The theory suggests that the dominant 
physical properties of the incombustible dusts tested, insofar as they are the determining factor 
in controlling the dispersion of a given deposit, are associated with the frictional parameters of 
the deposit. The extension of the theory to the conditions of a large-scale dust-explosion 
gallery is discussed. Experiments on a model stone-dust barrier, designed (on the basis of the 
theory) to control and facilitate the dispersion of a dust deposit, are described. 


From THE AUTHOR'S SUMMARY. 


Ventilating, Air Conditioning, and Engineering Control 


Tue SOs Content or THE COMBUSTION GASES FROM AN OIL-FIRED WATER-TUBE BOILER. 
P. F. Corsetr and F. Ferepay, J. Inst. Fuel 26:92-106 (Aug.) 1953. 


An investigation into the effect of fuel, load, and CO. on the SOs content of flue gases from 
an oil-fired boiler was planned, and the results analyzed statistically. Five oils, the sulfur 
contents of which ranged from 0.75 to 3.55%, were tested over a wide range of boiler-operating 
conditions. The SO; produced under each set of conditions was measured, at various stages 
through the boiler, (a) with the B.C.U.R.A. dew-point meter and (b) by chemical analysis. 
The results, based on 161 dew-point readings and 72 chemical analyses under 44 different 
conditions, show that SOs can be produced in oil-fired boilers in amounts sufficient to cause some 
trouble from low-temperature surface corrosion, if arrangements are not made either to prevent 
its formation or to remove its effect. The statistical survey had indicated relationships between 
certain variables, but with other variables no relationship has been found on the basis of the 
data available. In particular, it has not been possible to establish a direct relationship between 
the SOs (as measured either analytically or by the dew-point meter) and the total sulfur in 
the oil. The results show that with all the oils tested from 1 to 3% of the SOs: is oxidized to 


SOs, giving rise to dew points of from 250 to 300 F. The work has confirmed the results of 


previous laboratory investigations. Danse 


Errect or METAL OxIDE SMOKES ON THE SO; CONTENT OF COMBUSTION GASES FROM FUEL 


D. Fuiint, A. W. Linpsay, and R. Lirttesoun, J. Inst. Fuel 26:122-127 (Sept.) 
1953. 


The present work was undertaken to provide quantitative data on the influence of various 
additives to the fuel burned as a method of decreasing the quantity of SOs. Measurements 
were made with a dew-point meter on three relatively small, oil-fired appliances. Two of these 
were sectional boilers and the third on which most of the work was done was a refractory 
furnace. Five oils, varying from a heavy fuel oil (3.5% sulfur) to a gas oil (0.75% sulfur), 
were burned in the refractory furnace, and the dew point of the combustion products was in 
the range 250 to 300 F. Measurements on the gases from the heavy fuel oil treated with 
(1) soda residue, (2) calcium residue, and (3) commercial zinc naphthenate showed that the 
latter alone was successful in decreasing greatly the amount of SOs. Under good combustion 
conditions there was no acid dew point when burning oil containing 0.14% zinc (by weight). 
With 0.07% zinc, the amount of SO: was still very low, a dew point of 160 F. being measured. 


From THE AuTHORS’ SUMMARY. 


MONITORING AND CONTROL OF Toxic MATERIALS IN INDUstRY. R. J. SHERWooD, J. Inst. 
Heat. & Vent. Engrs. 21:331 (Dec.) 1953. 


The article is quite general in presenting this subject. 

Some principles of monitoring and control are presented. A classification of air contaminants 
by their physical nature and action on the body is given. It is stressed that environmental as 
well as pathological monitoring is necessary, and it is shown that proper air analysis is a 
necessity. A table of maximum allowable concentration is included. 
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It is pointed out that controlling the environment can be accomplished by (1) eliminating 
toxic substances, by (2) preventing the leakage of toxic material into the general atmosphere, 
or by (3) dilution of the toxic substance. Control by method 2 can be obtained by using 
sealed or negative pressure systems and/or local exhaust ventilation. The latter method is 
described, and a table of control velocities and diagrams (with equations) of different type 


hoods are given. D. M. ANnpbeErson, Boston. 


Accidents and Their Prevention; Protective Equipment 


Protection AGAINST CONTAMINATED ATMOSPHERES. BENJAMIN H. PostMan, Nat. Safety 
News 68:24 (Nov.) 1953. 


The author discusses protective devices available for normal industrial operations. These 
include air-supplied helmets, dust respirators, chemical cartridge respirators, canister and air- 
supplied masks and respirators. The need for strict supervision and training of personnel in the 


proper use of such devices is emphasized. Mary O. Ampur, Boston. 


Radioactive Substances and X-Ray 


LABORATORIES FOR HANDLING RADIOACTIVE MATERIALS. W. B. Harris, Heat. & Vent. 
50:74 (Nov.) 1953. 


Design and construction of radiochemical laboratories, although similar to standard labor- 
atories, must conform to the following requirements: (1) separation of high- and low-level 
activity; (2) adequate floor space; (3) flexibility of design; (4) proper ventilation; (5) special 
shielding; (6) ease of maintenance; (7) easily cleaned or removable surface finishes, and (8) 
a proper liquid, solid, and gaseous waste-disposal system. Several hood designs are illustrated 
which permit a close regulation of face velocity. Use of glove boxes is emphasized for high- 


activity processes, along with a rigid monitoring system. Domes: 


Acute Rapiation SynpROME. L. H. HEMPELMANN, Med. Radiography Phot. (Nos. 2-3) 
29:42-46, 1953 (cf. NSA 6-2273). 


The history of a case of acute radiation syndrome which developed following exposure to a 
large dose of mixed neutron and ¥ radiation resulting from an uncontrolled nuclear reaction is 


presented. Nvucvear Sc. Asst. 
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News and Comment 


ANNOUNCEMENTS 


John van Nostrand Dorr Fellowship in Sanitation.—In commemoration of the 50th 
anniversary of the invention of the Dorr Classifier by Dr. John Van Nostrand Dorr, a graduate 
fellowship has been established by the Dorr Company through the Dorr Company Educational 
Trust, founded for educational and scientific purposes for the benefit of the public. The fellow- 
ship for the year 1954-1955 is offered at Rutgers University in the Department of Sanitation. 

The fellowship is open to citizens of the United States or Canada holding Bachelor of 
Science or Master of Science degrees. Properly qualified candidates with training in any 
of the following fields of science are eligible—chemistry, biochemistry, biology, bacteriology, 
and civil, sanitary, or chemical engineering. 

The appointment is on a 12-month basis beginning Sept. 1, 1954. The stipend is $1,800 
per year, plus tuition, and one month vacation is allowed. Applications are due by April 1, 
and the award will be made about April 15. 

In addition, a number of other fellowships are available for men with the same qualifications. 

Application forms and further details may be obtained from Dr. Harold E. Orford, Depart- 


ment of Sanitation, Rutgers University, The State University of New Jersey, New Brunswick, 
N. J. 


NOTICES 


Conference on Maximum Allowable Concentrations of Harmful 
Materials in Industrial Atmospheres 


At a conference to be held by the British Occupational Hygiene Society at the London 
School of Hygiene and Tropical Medicine on April 6, 1954, the following papers are to be 
presented: “The Investigation of Atmospheric Contaminants in Factories,” by M. W. Goldblatt, 
M.D., Ph.D., D.I.H., Head of Industrial Hygiene Laboratories, I.C.I. Ltd.; “The Measurement 
of Dust Exposure,” by B. M. Wright, M.A., M.B., of the Pneumoconiosis Research Unit, 
Medical Research Council, and “Permissible Levels of Exposure to Ionizing Radiations and 
Radioactive Materials,” by W. G. Marley, M.Sc., Ph.D., Head of the Division of Health Physics 
at the Atomic Energy Research Establishment, Harwell. 

The conference fee for nonmembers of the Society is 12/6d. Further details and application 
forms may be obtained from the Secretary, Mr. P. C. G. Isaac, Public Health Engineering 
Laboratory, King’s College, Newcastle-upon-Tyne 1. 


CORRECTIONS 


The following credit footnote was omitted from the article, “Polonium in Urine of Miners 
Exposed to Radon,” by Mary Sultzer, M.S., and John B. Hursh, Ph.D., in the February, 1954, 
issue, page 89: “This paper is based on work performed under contract with the U. S. Atomic 
Energy Commission at the University of Rochester Atomic Energy Project, Rochester, N. Y.” 


In the article “Toxicity of Silica: I. Silica Solutions,” by Scheel, Fleisher, and Klemperer, 
appearing in the December, 1953, issue of the ARrcHives, the third sentence of the third 
paragraph on page 564 should read as follows: “The value for the pK was confirmed in this 
laboratory.” 
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Books 


Adjustment to Physical Handicap and Illness: A Survey of the Sociai Psychology of 
Physique and Disability. Bulletin 55, Revised. By Roger G. Barker. Price, $2.00. 
Pp. 440. Social Science Research Council, 230 Park Ave., New York 7, 1953. 


The second edition of this monograph, like the first, serves the primary purpose of providing 
a critical review of the literature in the areas described by the title. The bibliographies include 
more than 800 items. This is about 150 less than appeared in the 1946 edition even though the 
postwar literature has been carefully reviewed. Most of the eliminations appear to have been 
nontechnical items consisting primarily of opinion and anecdote. Certain of the shorter bibliogra- 
phies on topics not specifically treated in the text of either edition have also been omitted; 
these include cardiac disability, diabetes, rheumatism, and cancer. A valuable technique used 
in the first edition and expanded in the second is the presentation at chapter ends of relatively 
detailed systematic abstracts and evaluations of the more significant researches related to that 
chapter. 

The introductory chapter defines a term — somatopsychological — which is used throughout 
the book to indicate the nature of the problems dealt with. This term is sharply distinguished 
from psychosomatic and is “concerned with those variations in physique that affect the 
psychological situation of a person by influencing the effectiveness of his body as a tool for 
action or by serving as a stimulus to himself and others.” 

The first chapter also accounts for the low level of research to date on somatopsychological 
problems by reference to the design difficulties in experimental work in the field. 

The next six chapters are on the following topics: physical size, strength, and attractiveness, 
including obesity and physical growth during adolescence; crippling from poliomyelitis, cerebral 
palsy, and amputation; tuberculosis; impaired hearing; impaired vision (a new chapter in this 
edition), and acute illness and hospitalization. Each of these chapters is organized to handle most 
adequately the data and problems of its particular difference or disability, but each treats at least 
the following topics: objective measurement of the disability; attitudes of the disabled person 
toward himself and his disability; his attitudes toward society in the light of his disablement; 
attitudes of others toward him as a certain kind of disabled person; educational and vocational 
adjustment of the disabled; evaluation of research, and problems available for and needing 
research. 


The last chapter deals with the general literature on employment of the handicapped viewed 
primarily from the point of view of its economic, administrative, legal, and general social 
significance. 


A systematic psychological frame of reference underlies the discussion throughout the book. 
This conceptual framework, derived from Kurt Lewin, views the person with a handicap as 
being like any other person with a problem. There are “goal-regions” in his “life-space” 
toward which he seeks to move. His disability may be more or less of a barrier to his move- 
ment, depending on the nature of his goals and his perception of his disability. The specific 
characteristics of these factors are derived primarily from his social environment and must be 
taken into account if the disabled person's adjustment is to be understood and if the best 
psychotherapeutic results are to be looked for. 

The discussion of employment of the physically disabled throughout the book and especially 
in the last chapter is directly related to the activities of industrial physicians, employment 
officers, vocational counselors, and teachers of the physically handicapped. 

The major practical purpose of the book seems to be to lay a satisfactory foundation for the 
psychological treatment of the disabled through an understanding of the dynamics of their 
behavior. In addition to this specific and practical contribution to the practice of medicine, to 
personnel work, and to education, the volume is a significant contribution to psychological 
theory through its extension of general psychological concepts to the area of adjustment to 
disability and by its attempt in that area to test the usefulness of these concepts and of hypotheses 


developed from them. Ross A. McFartanp. 
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INDUSTRiAL HYGIENE AND OCCUPATIONAL MEDICINE 


Annual Report of the Chief Inspector of Factories for the Year 1951. Price, 6s. 6d. net. 
Pp. 232. Her Majesty's Stationery Office, York House, Kingsway, London W. C. 2, 
March, 1953. 


It has been my pleasant job to read and occasionally to review these annual reports as they 
appear. They are always well written; usually they are very readable, while the “case report” 
type of presentation, coupled with a really good index, makes them into almost a textbook on 
occupational disease, accidents, and safety. The present report is about the best I have seen 
and is good reading from beginning to end. 

The first 30 pages, comparing conditions at the beginning of this century with those of today, 
are replete with interesting but short items contrasting the old and the new. 

The next 10 pages, 31 to 40, discuss modern developments and safety; then there is a short 
section on radiological developments in industry, followed by pages 46 to 127 on accidents and 
pages 128 to 159 on industrial poisoning and diseases. On page 140, combined into a single 
table, are reported industrial diseases by decades from 1900 through 1940 and annually from 
1947 through 1951 — a table we use annually in teaching because we have nothing comparable 
from the United States. 

The cases of dermatoses by industry are given in a single table on page 154, and the cases of 
pneumoconioses by industry are given annually from 1940 to 1951 on page 155. 

There is useful information in the 70-odd pages comprising the rest of the report, but the 
sections cited are probably those of most interest to readers of the ARCHIVES. 


Puitie DRINKER. 


Revista degli infortuni e delle malattie professionali. Edited by Prof. Italo Grasso- 
Biondi. Price, not given. Pp. 510, with illustrations, 1953. 


This volume of the “Review of Occupational Diseases and Injuries” is composed of 22 papers 
concerned with the various aspects of silicosis. It includes a group of articles which represent 
the result of clinical, pathological, radiological, and laboratory studies of silicosis in the south 
of Italy. These papers were presented at a Congress of the Sicilian Society of Legal and 


Insurance Medicine held in Messina, Sicily. 

The first two papers, which are concerned with the clinical and radiological aspects of 
silicosis, comprise more than one-fourth of the book. During 1948-1949, the authors examined 
350 silicotics because of medicolegal implications. Both clinical and physiological function 
studies were carried out on the respiratory and circulatory systems. A good correlation between 
disability and radiologic disease was established. It is significant that only three classifications 
of silicosis were compared with the disability evaluation. These classifications were first-, 
second-, and third-degree silicosis. First-degree was represented by reticulation; second-degree 
was considered to be nodulation, and third-degree was characterized by the presence of 
nodulation. The radiologic studies included bronchography, laminagraphy, and angiocardiog- 
raphy. The authors discuss the various procedures and techniques and their relative values. 

The remainder of the book is made up of a series of 20 shorter papers which deal with 
original investigations and studies of various aspects of the silicotic patient, including serum 
proteins, extracellular fluid, peripheral blood and bone marrow, biologic and socioeconomic 
problems, industrial hygiene aspects, etc. 

Although much of this work has been reported elsewhere, this is an excellent symposium 
of the problem of silicosis in a specific area. The work is liberally illustrated and serves to 
add to the clinical information on silicotics. The investigations which are reported serve to 
demonstrate the relatively large amount of information which can be obtained with rather limited 


tools and in a short period of time. Feawe Parnct, M.D 
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always sterile, 
always ready for 
“1001” surgical uses... 


Outstandingly successful for burns and abrasions, these 
sterile-packed, ready-made dressings have countless 
other uses in surgery. Particularly indicated for: 
WOUND COVERING, os for traumatic injuries and after 


surgery ...to protect from irritation and contamination, 
to avoid adherence. 


PACKING, as in abscess cavity...to permit healing from the 
bottom, to meet aseptic precautions. 


PLUG, os after hemorrhoidectomy ...to help control bleeding 
without sticking and subsequent tearing. 


DRAIN, as for septic wounds... to avoid maceration, pressure 
necrosis and erosion. 


Available in three sizes: 


No. 1 —3” x 36” (6 in carton) 
No. 2—3” x 18” (12 in carton) 
No. 3—6” x 36” (6 in carton) 


Obtain from your regular source of supply . . . insist on the 
ready-to-use, dependably sterile dressings in the foil-envelopes. 


CHESEBROUGH MFG. CO., CONS’‘D 
Professional Products Division * NEW YORK 4, N. Y. 


VASELINE is the registered trade-mark of the 
Chesebrough Mfg. Co., Cons’d 
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RESULTS COUNTS ....in superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


Desenex: 


Ointment and powder of ZINCUNDECATE 
Solution of UNDECYLENIC ACID 


Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


For a Better Understanding of 
Nervous and Mental Diseases 


A. M. Archives of NEUROLOGY and 
PSYC HIAT RY gives practical assistance 
to those readers who would keep well 
informed about the rapid progress in 
these fields. It presents original articles, 
clinical notes, special articles, society 
transactions and book reviews and book 
notices. Each issue includes a_ large 


AMERICAN MEDICAL ASSOCIATION 


number of brief digests from current 
medical literature which present signifi- 
cant findings of eminent neurologists and 
psychiatrists throughout the world. Well 
illustrated. Issued monthly. Averages 
about 2730 pages annually. Price, $12.00 
a year. Canada, $12.40. Foreign, $13.50. 


535 N. Dearborn St., Chicago 10 


«+ +o commercials — no sales chatter 
but a wealth of informative data that should prove 
invaluable to you and your company throughout 
the future. 


LIGHTFOOT SCHULTZ COMPANY ! 


380 MADISON AVE. NEW YORK 17, N. Y. ; 
Send your free Question and Answer Soap Date 


State 


1a 
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. . . interesting information 
for your patients 


... reinforcements for your 
own verbal instructions 


The A. M. A.’s Bureau of Health 
Education offers pamphlets on most any 
subject . . . such as these three 

articles on old age: 


HOPE FOR THE AGED 
James A. Brussel 
4 pp. 10¢ 


THE PROMISE OF GERIATRICS 
T. C. Desmond 
16 pp. 20¢ 


STILL LOOKING AHEAD 
28 pp. 15¢ 


You may obtain a catalogue by writing to: 


A.M.A. BUREAU OF HEALTH EDUCATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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Pharmaceutical Division 
PD-32 

this Coupon 
HAND 
FOR YOUR FREE COPY OF}. SLEANSERS 
lig hitoot | 
ANSWERS TO THE | 
ABOUT SOAP 


TO HELP YOUR PATIENTS 
AND SAVE YOU TIME 


Booklets on Eyesight 


These pamphlets will answer many of your 
patients’ questions for you. Among the 
titles, you will undoubtedly find topics 
you've had to discuss at length with patient 
after patient taking up time that you could 
have used to treat other patients. Let these 
pamphlets solve that problem for you. 


WHOM SHALL I CONSULT ABOUT 
MY EYES? F. T. Jung. 8 pages. 15 cents. 


EYES-RIGHT! Audrey McKeever. 16 pages. 
20 cents. 


HOW TO SAVE YOUR EYES. Cleo Du 
Bois. 4 pages. 10 cents. 


SHOULD YOUR CHILD WEAR GLASS- 
ES? J. Robert Burke. 12 pages. 15 cents. 


CATARACT. 


15 cents. 


Abram B. Bruner. 12 pages. 


CONTACT LENSES. Marguerite Shields. 4 


pages. 10 cents. 


COLOR BLINDNESS. Dean Farnsworth 


and Conrad Berens. 2 pages. 5 cents. 


WHAT TO DO FOR BLIND CHIL- 
DREN. Park Lewis. 26 pages. 15 cents. 


ONE EYE SEES EVERYTHING. Phyllis 
Duke-Elder. 2 pages. 5 cents. 


Keep a supply on hand. Discounts on 
quantity purchases: 100 copies .. . 10%, 
250 copies . . . 50%, 1,000 copies . . . 60%. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


instant 


first aid for 


snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with ... 


When a poisonous snake strikes, suction must be applied im- 
mediately. Venom must be prevented from spreading through 
the body. The new, improved Saunders’ Snake Bite Kit provides 
instant first aid with the right kind of suction—controlled and 
increased as desired. Easily and quickly administered, by the 
victim alone if necessary. Kit provides everything needed 
for emergency first aid: tourniquet, lancet, ammonia inhalants, 


iodine swabs, adhesive bandages, Saunders’ venom- — 
| suction pump with two adapters. Write for data. 


* Patented 


Wo pronounced EM-ESS-CO 
Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 
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Chloromycetin 


( Chloramphenicol, Parke-Davis ) 


Since its introduction over four years ago, 
Chloromycetin has been used by physicians 
in practically every country of the world. 


More than 11,000,000 patients have been 


treated with this important antibiotic— 
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agents, 


PARKE, DAVIS & COMPANY : 4 a DETROIT 32, MICHIGAN 


bead 


| 
4 


